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PREFACE 

THIS  book  is  written  upon  much  the  same  plan  as  the 
Author's  Introduction  to  the  Study  of  Chemistry.  It  is, 
however,  materially  simpler  in  many  parts,  and  is  in 
every  way  better  adapted  to  younger  pupils.  In  the 
opinion  of  the  author  a  rational  course  in  chemistry, 
whether  for  younger  or  older  pupils,  is  something  more 
than  a  lot  of  statements  of  facts  of  more  or  less  import- 
ance ;  a  lot  of  experiments  of  more  or  less  beauty ;  a  lot 
of  rules  devised  for  the  purpose  of  enabling  the  pupil 
to  tell  what  things  are  made  of.  If  the  course  does  not 
to  some  extent  help  the  pupil  to  think  as  well  as  to 
see,  to  reason  as  well  as  to  observe,  it  does  not  deserve 
to  be  called  rational.  Not  only  must  the  pupil  per- 
form experiments,  but  he  must  know  why  he  performs 
them,  and  what  they  teach.  A  good  plan  to  follow 
is  to  talk  over  a  certain  part  of  the  subject,  showing 
how  to  construct  the  apparatus  necessary  for  some  of 
the  experiments  and  stating  in  a  general  way  what  is 
to  be  learned ;  then  to  let  the  pupil  perform  the  ex- 
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periments  with  the  aid  of  the  book  and  the  teacher ; 
and  afterwards  to  make  the  experiments  the  basis  for 
questioning.  In  this  way  the  pupil  will  become  ob- 
servant, and  at  the  same  time  he  will  discover  when 
his  experiments  have  been  performed  in  the  wrong 
way.  It  is  better  to  go  slowly  at  first,  so  as  to  allow 
the  pupil  time  to  become  familiar  with  his  surround- 
ings and  to  enable  him  to  learn  how  to  work  at  the 
laboratory  desk.  A  badly  constructed  piece  of  appa- 
ratus, or  an  experiment  badly  performed  in  any  way, 
should  not  be  allowed  to  pass.  Experiments  should 
be  repeated  as  many  times  as  may  be  necessary  to 
secure  accurate  work. 

Chemical  theories  are  treated  in  a  subordinate 
way,  as  it  is  believed  that  the  attention  should  first 
be  directed  to  the  simpler  facts  of  the  subject  and 
the  methods  by  which  these  facts  are  learned.  A 
brief  statement  of  a  few  of  the  prevailing  hypotheses 
is  given  in  Chapter  XIV.  Whether  it  will  be  advisable 
for  the  pupils  to  spend  any  time  in  studying  this 
chapter  will  depend  upon  their  age  and  their  mental 
attainments.  If  all  they  can  do  is  to  learn  the  state- 
ments by  heart  and  repeat  them  without  showing  any 
signs  of  comprehension,  then  unquestionably  the 
chapter  should  be  omitted.  It  should  be  remembered 
that  the  object  of  the  course  laid  down  in  this  book 
is  not  to  make  chemists,  but  to  help  to  develop 
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sound  minds,  and  at  the  same  time  to  awaken  interest 
in  a  set  of  natural  phenomena  of  great  importance  to 
mankind.  It  is  quite  possible  to  teach  the  subject  in 
such  a  way  as  to  destroy  all  interest  in  chemical 
phenomena  and  to  make  the  pupil  shudder  whenever 
a  chemical  formula  is  mentioned.  There  is  no  better 
way  to  accomplish  the  latter  result  than  by  giving 
prominence  to  incomprehensible  theories,  and  forcing 
the  pupils  to  master  a  lot  of  equations  which  represent 
facts  of  which  they  are  entirely  ignorant. 

BALTIMORE,  27 'th  December  1886. 
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THE 

ELEMENTS    OF    CHEMISTRY 

CHAPTER    I 

CHEMICAL   CHANGES — PHYSICAL    CHANGES 

Some  Familiar  Changes. — You  are  all  familiar 
with  many  changes  which  are  taking  place  in  the  things 
around  you.  Take,  for  example,  the  changes  which  are 
called  fire.  You  see  substances  destroyed  by  fire.  They 
disappear.  You  feel  the  heat  produced  by  the  burning. 
You  know  that  some  things  will  burn  and  others  will 
not.  Again,  you  all  know  that  iron  when  exposed  to 
the  air  is  changed,  becoming  covered  with  a  reddish- 
brown  substance  called  rust.  If  fruit-juices  or  milk  be 
allowed  to  stand  in  contact  with  the  air  they  become 
sour.  If  a  spark  comes  in  contact  with  gunpowder 
there  is  a  flash  and  the  powder  disappears,  dense  smoke 
appearing  in  its  place. 

Changes  of  Another  Kind. — If  a  piece  of  stone 
or  of  iron  be  brought  in  contact  with  something  hot  it 
becomes  hot  itself.  If  taken  away  it  becomes  cool  again. 
If  heated  very  hot  it  gives  light.  When,  for  example, 
iron  becomes  "red-hot"  we  can  see  it  in  a  dark  room. 
Iron  may  also  be  changed  by  contact  with  loadstone. 
After  it  has  been  rubbed  with  loadstone  it  has  the 
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power  to  attract  and  hold  to  itself  other  pieces  of  iron. 
When  a  solid  body  is  struck  with  another  solid  a  sound 
is  produced.  At  a  low  temperature  water  is  solid, 
forming  ice.  If  the  ice  becomes  warm  enough,  it  melts 
and  becomes  water.  If  the  water  is  heated  enough,  it 
becomes  steam.  By  cooling  steam  it  changes  to  water, 
and  by  cooling  water  it  changes  to  ice. 

Two  Kinds  of  Change. — When  a  substance  burns 
it  becomes  something  entirely  different.  Iron -rust  is 
not  iron.  Sour  milk  is  not  fresh  milk.  Gunpowder 
after  the  flash  is  not  gunpowder.  In  these  cases,  then, 
the  substances  which  are  changed  disappear  and  some- 
thing else  is  formed  in  their  place.  On  the  other  hand, 
when  a  piece  of  iron  which  is  hot  is  allowed  to  cool  it 
is  the  same  thing  that  it  was  before  it  was  heated. 
Red-hot  iron  soon  ceases  to  give  light  if  it  is  taken  away 
from  the  fire.  Water  may  be  cooled  down  and  changed 
to  ice,  and  the  ice  heated  and  changed  to  water  ;  and 
the  water  formed  from  the  ice  is  exactly  the  same  thing 
as  the  water  from  which  the  ice  was  formed.  In  these 
cases  the  substances  are  not  permanently  changed. 
You  see  thus  that  we  have  two  classes  of  changes  pre- 
sented to  us  for  study  : 

ist.  Those  which  do  not  affect  the  composition  of 
substances. 

2d.  Those  which  affect  the  composition  of  substances 
and  give  rise  to  the  formation  of  new  substances  with 
new  properties. 

Changes  of  the  first  kind  are  called  physical,  changes. 
Those  of  the  second  kind  are  called  chemical  changes. 

Physics  and  Chemistry. — That  branch  of  know- 
ledge which  has  to  deal  with  physical  changes  is  known 
as  PHYSICS  ;  and  that  which  has  to  deal  with  chemical 
changes  is  known  as  CHEMISTRY.  Everything  that  has 
to  do  with  motion,  with  heat,  light,  sound,  electricity,  and 
magnetism,  is  studied  under  the  head  of  Physics. 
Everything  that  has  to  do  with  the  composition  of 
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substances  and  changes  in  the  composition  is  studied 
under  the  head  of  Chemistry 

All  Physical  and  Chemical  Changes  are  Be- 
lated.— Although  at  first  sight  the  different  kinds  of 
change  already  mentioned  appear  to  be  quite  distinct 
from  one  another,  they  are  in  reality  closely  related.  If 
a  body  in  motion  be  stopped  suddenly  it  becomes  hot. 
Many  examples  of  a  similar  change  of  motion  into  heat 
are  familiar  :  a  wire  becomes  hot  when  hammered  on 
an  anvil ;  a  coin  rubbed  on  cloth  becomes  hot.  In 
both  cases  the  cause  of  the  heat  is  the  interference  with 
the  motion.  The  hammer  is  stopped  and  becomes  hot ; 
the  coin  is  not  stopped,  but  the  motion  is  interfered  with, 
and  we  have  to  push  harder  in  order  to  move  it  over  the 
cloth  than  we  should  to  move  it  in  the  air.  Again,  we 
know  that  by  means  of  heat  we  can  produce  motion. 
The  steam-engine  is  the  best  example  of  this.  We 
build  a  fire  ;  this  heats  the  water  in  the  boiler ;  the 
water  is  converted  into  steam,  which  expands  and  moves 
the  piston,  and  the  motion  of  the  piston  is  the  seat  of 
all  the  complex  motions  which  are  found  in  the  different 
parts  of  the  engine.  The  train  or  ship  moves.  What 
moves  it?  Plainly,  the  heat  is  the  cause  of  the  motion. 
But  we  can  go  a  step  further  back  and  ask  what  causes 
the  heat.  The  answer  is  clear.  It  is  the  burning  of 
the  fuel.  But,  in  burning,  the  composition  of  the  fuel  is 
completely  changed.  A  change  is  produced  which  is  not 
heat.  When  a  piece  of  coal  burns,  then,  its  composition 
is  changing,  and  as  a  result  of  this  change  heat  is  pro- 
duced. The  heat  is,  therefore,  produced  by  a  chemical 
change  in  the  coal,  and  we  may  say  that  the  motion  of 
the  steam-engine  is  the  result  of  the  chemical  change 
taking  place  in  the  coal  or  wood  which,  in  burning, 
produces  the  heat. 

Heat  Causes  Chemical  Change. — Just  as  chemical 
change  produces  heat,  as  in  the  burning  of  a  piece  of 
wood,  so  heat  causes  chemical  changes. 
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EXPERIMENT  I. — In  a  clean,  dry  test-tube  put  enough  white 
sugar  to  make  a  layer  J  to  \  inch  thick.  Hold  the  tube  in 
the  flame  of  a  spirit-lamp  or  a  laboratory  burner,  as  shown  in 
the  figure.  What  changes  take  place  ?  What  do  you  notice 
on  the  sides  of  the  tube?  What  remains  behind?  What  is  its 
colour  and  taste?  Does  it  dissolve  in  water? 
Is  it  sugar?  Is  the  change  which  has  taken 
place  chemical  or  physical?  What  caused  it? 
EXPERIMENT  2. — From  a  piece  of  glass 
tubing  of  about  ^  inch  internal  diameter  cut 
off  a  piece  about  four  inches  long  by  making 
a  mark  across  it  with  a  triangular  file,  and 
then  seizing  it  with  both  hands,  one  on  each 
side  of  the  mark,  pulling  and  at  the  same 
time  pressing  slightly  as  if  to  break  it. 
Clean  and  dry  it,  and  hold  one  end  in  the 
flame  of  a  laboratory  burner  until  it  melts 
together.  During  the  melting  twirl  the  tube 
constantly  between  the  finger  and  thumb  so 
that  the  heat  may  act  uniformly  upon  it. 
After  it  has  cooled  down  put  into  it  enough 
red  oxide  of  mercury  (mercuric  oxide)  to  form  a  layer  -|  inch 
thick.  Heat  the  tube  as  in  the  last  experiment.  What  change 
in  colour  do  you  notice?  What  is  deposited  on  the  sides  of  the 
tube?  During  the  heating  insert  a  splinter  of  wood  with  a 
spark  on  the  end  into  the  tube.  What  follows?  Take  it  out 
and  put  it  back  a  few  times.  Is  there  any  difference  between 
the  burning  in  the  tube  and  out  of  it?  What  difference?  How 
do  you  know  that  the  red  substance  which  you  put  into  the  tube 
has  been  changed?  Is  the  change  chemical  or  physical?  What 
caused  the  change  ? 

Chemical  Change  Caused  in  Other  Ways. — 
In  the  two  experiments  just  performed  heat  caused 
chemical  change.  Chemical  changes  can  be  produced 
in  other  ways.  The  simplest  way  is  by  bringing  sub- 
stances together. 

EXPERIMENT  3. — Examine  a  piece  of  calc-spar  or  marble. 
Notice  whether  it  is  hard  or  soft.  Heat  a  small  piece  in  a  glass 
tube,  such  as  used  in  Experiment  2.  Does  it  change  in  any 
way  ?  Does  it  dissolve  in  water  ?  In  order  to  learn  whether  a 
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substance  is  soluble  in  water  proceed  as  follows :  Put  a  piece 
about  the  size  of  a  pea  in  a  test-tube  with  distilled  water. 
Thoroughly  shake,  and  then,  as  heating  usually  aids  solution, 
boil.  Now  pour  off  a  few  drops  of  the  liquid  on  a  piece  of 
platinum -foil1  or  a  watch-glass,  and  by  gently  heating  cause  the 
water  to  pass  off  as  steam.  If  there  is  anything  solid  in  solution 
there  will  be  something  solid  left  on  the  platinum-foil  or  watch- 
glass.  If  not,  there  will  be  nothing  left.  Knowing  now  the 
general  properties  of  the  calc- 
spar  or  marble,  you  will  be 
able  to  determine  whether  it 
is  changed  or  not.  Treat  a 
small  piece  with  dilute  hy- 
drochloric acid.  What  takes 
place  ?  After  the  action  has 
continued  for  about  half  a 
minute  insert  a  lighted  match 
in  the  upper  part  of  the  tube. 
Does  the  match  continue  to 
burn  ?  Does  the  substance  in 
the  tube  burn  ?  Is  the  invisible 
substance  in  the  upper  part  of 
the  tube  ordinary  air  ?  Why 
not  ?  Does  the  solid  substance 
disappear?  In  order  to  tell 
whether  it  has  been  changed  IG>  2t 

chemically  the  hydrochloric  acid  must  be  got  rid  of.  This 
can  be  done  by  boiling  it,  when  it  passes  off  in  the  form 
of  vapour,  just  as  water  does,  and  then  whatever  is  in  solu- 
tion will  remain  behind.  For  this  purpose  put  the  solu- 
tion in  a  small,  clean  porcelain  evaporating-dish,  and  put  this 
on  a  vessel  containing  boiling  water,  or  a  water-bath.  The 
operation  should  be  carried  on  in  a  place  where  there  is  a  good 
draught,  so  that  the  vapours  will  not  collect  in  the  working- 
room.  They  are  not  poisonous,  but  they  are  annoying.  The 
arrangement  for  evaporating  is  illustrated  in  Fig.  2.  After  the 
liquid  has  evaporated  and  the  substance  in  the  evaporating-dish 
is  dry,  examine  it,  and  carefully  compare  its  properties  with 
those  of  the  substance  which  was  put  into  the  test-tube.  Is  it 
the  same  substance  ?  Is  it  hard  or  soft  ?  Does  it  change  when 

1  The  expensive  metal  platinum  is  much  used  in  chemical  laboratories,  for 
the  reason  that  it  resists  the  action  of  heat  and  of  most  substances. 
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heated  in  a  tube  ?  Is  there  an  appearance  of  bubbling  when 
hydrochloric  acid  is  poured  on  it  ?  Does  it  dissolve  in  water  ? 
Does  it  change  when  allowed  to  lie  in  contact  with  the  air  ? 

EXPERIMENT  4. — Bring  together  in  a  test-tube  a  small  piece 
of  copper  and  some  moderately  dilute  nitric  acid.  Hold  the 
mouth  of  the  tube  away  from  your  face,  and  do  not  inhale  the 
vapours.  What  is  the  appearance  of  the  vapours  given  off? 
What  is  the  appearance  of  the  liquid  in  the  tube  ?  Does  the 
copper  dissolve?  Examine  the  solution,  as  in  the  preceding 
experiment,  and  see  what  has  been  formed.  What  are  the  pro- 
perties of  the  substance  found  after  the  liquid  has  evaporated  ? 
Is  it  coloured?  Is  it  hard  or  soft?  Does  it  change  when 
heated  in  a  tube  ?  Is  it  soluble  in  water  ?  Does  it  in  any  way 
suggest  the  copper  with  which  you  started  ? 

EXPERIMENT  5. — Try  the  action  of  dilute  sulphuric  acid  on 
a  little  zinc  in  a  test-tube.  An  invisible  gas  will  be  given  off. 
Apply  a  lighted  match  to  the  mouth  of  the  tube.  What  takes 
place  ?  After  the  zinc  has  disappeared  evaporate  the  solution  as 
before.  Carefully  compare  the  properties  of  the  substance  left 
behind  with  those  of  zinc. 

EXPERIMENT  6. — Hold  the  end  of  a  piece  of  magnesium 
ribbon  about  eight  inches  long  in  a  flame  until  it  takes  fire. 
Then  hold  the  burning  substance  quietly  over  a  piece  of  dark 
paper,  so  that  the  light  white  substance  which  is  formed  may 
fall  upon  the  paper.  Compare  the  properties  of  this  product 
with  those  of  magnesium. 

EXPERIMENT  7. — In  a  small  dry  flask  of  about  four  ounces 
capacity  put  a  bit  of  granulated  tin  or  of  pure  tin-foil.  Pour 
upon  it  enough  concentrated  nitric  acid  to  cover  it.  If  no 
change  takes  place  at  first,  heat  gently,  and  presently  you  will 
have  evidence  that  change  is  taking  place.  Is  there  anything  in 
this  experiment  which  suggests  Experiment  4  ?  What  is  left 
behind  after  the  action  is  finished  ?  Compare  the  properties  of 
the  product  with  those  of  tin. 

Solution  Aids  Chemical  Action. — In  the  cases 
just  studied  it  was  only  necessary  to  bring  the  substances 
together,  when  they  acted  at  once.  In  each  case  one  of 
the  substances  used  was  a  liquid.  Solids  do  not,  as  a 
rule,  act  upon  one  another  as  readily  as  liquids  act  upon 
solids,  for  the  reason  that  the  small  particles  of  which 
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the   solids   are   made   up   cannot  be  brought  as  closely 
together  as  the  particles  of  liquids. 

EXPERIMENT  8. — Mix  together  in  a  dry  mortar  a  little  dry 
tartaric  acid  and  about  an  equal  quantity  of  dry  bicarbonate  of 
soda  (sodium  bicarbonate).  Do  you  see  any  evidence  of  action  ? 
Now  dissolve  a  little  tartaric  acid  in  water  in  a  test-tube,  and  a 
little  carbonate  of  soda  in  water  in  another  test-tube.  Pour  the 
two  solutions  together.  What  evidence  have  you  now  that 
action  takes  place?  Pour  water  upon  the  dry  mixture  first 
made.  Does  action  take  place  ?  What  causes  the  bubbling  ? 
Will  a  match  burn  in  the  gas  ?  In  which  experiment  already 
performed  was  a  similar  gas  obtained  ? 

EXPERIMENT  9. — Mix  together  in  a  dry  mortar  a  little  dry 
sulphate  of  iron  (green  vitriol)  and  a  little  dry  ferrocyanide  of 
potassium  (yellow  prussiate  of  potash).  Does  action  take  place  ? 
Make  a  solution  of  each  of  the  two  substances  and  pour  them 
together.  What  evidence  have  you  that  action  takes  place  ? 
Pour  water  on  the  diy  mixture.  Does  action  take  place  ? 

Summary. — From  the  experiments  it  wilt  be  seen 
(i)  that  heat  causes  chemical  change;  (2)  that  in  some 
cases  simple  contact  of  substances  is  sufficient  to  cause 
chemical  change  ;  (3)  that  solution  aids  chemical  change. 
In  all  the  cases  of  chemical  action  thus  far  studied  one 
thing  was  observed,  viz.,  that  the  substances  which  were 
acted  upon  lost  their  own  properties  and  new  substances 
were  formed.  This  is  true  in  all  cases  of  chemical 
action,  and  the  truth  may  be  stated  thus  : 

Whenever  two  or  more  substances  act  upon  one  another 
chemically  they  lose  their  own  properties,  and  new  sub- 
stances are  formed  with  entirely  different  properties. 

Difference  between  Combining  Chemically 
and  simply  Mixing. — By  mixing  is  meant  bringing 
things  together  closely,  so  that  the  particles  of  one  shall 
be  in  contact  with  the  particles  of  the  other.  We  mix 
salt  and  sugar  by  putting  them  together  in  a  vessel  and 
shaking  them,  or  by  stirring  as  with  a  pestle  in  a  mortar. 
The  longer  we  stir  the  more  closely  the  substances  are 
brought  together.  But  no  matter  how  long  we  may  stir 
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the  mixture,  it  remains  a  mixture  and  contains  both  sugar 
and  salt.  In  some  cases,  by  stirring,  chemical  action 
can  be  brought  about,  but  generally  not. 

EXPERIMENT  10. — Mix  two  or  three  grams  of  powdered 
roll-sulphur  and  an  equal  weight  of  very  fine  iron-filings  in  a 
small  dry  mortar.  Examine  a  little  of  the  mixture  with  a  micro- 
scope. Can  you  distinguish  the  particles  of  sulphur  and  those 
of  iron  ?  Pass  a  small  magnet  over  the  mixture.  Are  particles 
of  iron  drawn  out  of  the  mixture  ?  Has  chemical  action  taken 
place  ? 

EXPERIMENT  n. — Pour  two  or  three  cubic  centimetres  of 
bisulphide  of  carbon  on  a  little  powdered  roll-sulphur  in  a  dry 
test-tube.  Does  the  sulphur  dissolve  ?  Treat  iron  filings  in  the 
same  way.  Does  the  iron  dissolve  ?  Now  treat  a  small  quantity 
of  the  mixture  prepared  in  Experiment  10  with  bisulphide  of 
carbon.  After  the  sulphur  is  dissolved  pour  off  the  solution  in 
a  good-sized  watch-glass  and  let  it  stand.  Examine  what  is  left 
in  the  test-tube.  Is  it  iron  ?  After  the  liquid  has  evaporated 
examine  what  is  left  on  the  watch-glass.  Is  it  sulphur  ? 

EXPERIMENT  12. — Mix  three  grams  of  finely  powdered  roll- 
sulphur  and  three  grams  of  fine  wrought-iron  filings  or  powdered 
iron  to  be  had  of  the  druggists.  Put  the  mixture  in  a  dry  test- 
tube.  Heat  gently  at  first  and  notice  the  changes.  At  first  the 
sulphur  melts  and  becomes  dark-coloured.  It  may  even  take 
fire.  But  soon  something  else  takes  place.  The  whole  mass 
begins  to  glow,  and  if  you  at  once  take  the  tube  out  of  the  flame 
the  mass  will  continue  to  glow,  becoming  brighter.  This  will 
soon  stop  ;  the  mass  will  grow  dark  and  gradually  cool  down. 
As  soon  as  it  reaches  the  ordinary  temperature,  break  the  tube 
and  put  the  contents  in  a  mortar.  Does  the  mass  look  like  the 
mixture  of  sulphur  and  iron  with  which  you  started  ?  An  exam- 
ination with  the  microscope,  the  magnet,  and  bisulphide  of 
carbon  will  prove  that,  while  there  may  be  a  little  iron  left,  and 
possibly  a  little  sulphur,  most  of  the  bluish-black  mass  is  neither 
iron  nor  sulphur,  but  a  new  substance  with  properties  quite 
different  from  those  of  iron  and  of  sulphur. 

"What  has  Become  of  the  Iron  and  the 
Sulphur  ? — In  the  last  experiment  a  new  substance 
was  formed  by  the  action  of  sulphur  upon  iron.  Neither 
substance  has  been  destroyed,  but  both  have  combined 
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in  a  much  more  intimate  way  than  when  they  were  simply 
mixed  together.  This  kind  of  combination  which  causes 
the  properties  of  the  combining  substances  to  disappear 
is  called  chemical  combination.  Nothing  is  lost  in  the 
act,  as  has  been  shown  by  weighing  the  substances 
before  and  after  action. 

Mechanical  Mixtures  and  Chemical  Com- 
pounds.— In  a  mixture  the  substances  are  unchanged. 
They  exist  side  by  side.  In  a  chemical  compound  the  sub- 
stances which  are  in  combination  are  completely  changed. 
They  are  so  intimately  combined  that  they  cannot  be  recog- 
nised by  any  ordinary  means. 

Compounds  and  Elements. — Most  of  the  sub- 
stances found  in  nature  are  made  up  of  several  others. 
Wood,  for  example,  is  very  complex,  containing  a  large 
number  of  distinct  substances  intimately  mixed  together. 
Some  of  these  can  be  got  out  separately,  but  it  is  impos- 
sible to  get  them  all  out  separately  with  the  means  at 
present  at  our  command.  Most  of  the  rocks  met  with, 
and  the  different  kinds  of  earth,  as  clay,  sand,  etc.,  are 
also  quite  complex,  and  it  is  in  most  cases  difficult  to 
get  out  the  substances  contained  in  them.  By  proper 
methods,  however,  it  is  possible  to  decompose  the  com- 
plex substances  found  in  nature  so  as  to  get  simpler  ones, 
and  these  again  can  usually  be  decomposed  into  still 
simpler  ones  which  cannot  be  decomposed  by  any  means 
known  to  us.  Substances  which  we  cannot  decompose 
into  simpler  ones  are  called  elements.  Now,  although 
there  are  thousands  and  thousands  of  different  kinds  of 
substances  met  with  in  nature,  these  are  really  made  up 
of  a  comparatively  small  number  of  simple  substances  or 
elements.  The  number  of  elements  thus  far  discovered 
is  between  sixty  and  seventy,  but  the  larger  number  of 
these  are  rare,  and  we  might  have  a  very  excellent 
knowledge  of  the  essentials  of  chemistry  without  any 
knowledge  of  these  rare  elements.  We  shall  find  that 
most  things  we  have  to  deal  with  are  really  made  up  of 
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about  a  dozen  elements,  and  that  most  of  the  chemical 
changes  which  are  taking  place  around  us,  and  which  we 
need  to  study  in  order  to  get  an  insight  into  the  nature 
of  chemical  action,  take  place  between  this  small  number 
of  elements. 

An  element  is  a  substance  which  we  cannot  decompose 
into  simpler  substances. 

A  compound  is  a  substance  which  can  be  decomposed 
into  simpler  ones.  A  compound  contains  two  or  more 
elements  held  together  chemically. 

Examples  of  Elements  and  Compounds. — As 
examples  of  elements  may  be  mentioned  iron,  copper, 
tin,  silver,  gold,  sulphur,  and  lead.  As  stated  in  the  last 
paragraph,  they  are  called  elements  for  the  reason  that 
they  cannot  be  decomposed  into  simpler  substances. 
Among  familiar  compounds  may  be  mentioned  water, 
common  salt  or  sodium  chloride,  blue  vitriol  or  copper 
sulphate,  chlorate  of  potash  or  potassium  chlorate, 
marble  or  calcium  carbonate,  sand  or  silicon  dioxide. 
Each  of  these  compounds  consists  of  two  or  more  ele- 
ments held  together  in  chemical  combination.  Water 
can  be  decomposed  by  various  methods  into  two  sub- 
stances known  as  hydrogen  and  oxygen,  and  the  sum  of 
the  weights  of  the  hydrogen  and  oxygen  obtained  from  a 
given  weight  of  water  is  exactly  equal  to  the  weight  of 
the  water  decomposed.  Sodium  chloride  can  be  decom- 
posed into  the  two  elements  sodium  and  chlorine,  and 
the  weight  of  the  sodium  added  to  the  weight  of  the 
chlorine  exactly  equals  the  weight  of  the  sodium  chloride. 
On  the  other  hand,  the  composition  of  an  element  cannot 
be  changed  without  adding  something  to  it. 

Chemical  Action. — Just  as  the  earth  attracts  all 
bodies  to  it  in  some  mysterious  way  which  we  call  gravi- 
tation, just  as  the  magnet  attracts  pieces  of  iron,  so 
substances  are  drawn  together  chemically  and,  if  they 
come  in  contact  under  the  proper  conditions,  chemical 
action  takes  place.  By  this  is  meant  that  some  change 
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in  composition  is  brought  about ;  that  the  substances 
which  are  brought  together  disappear  and  new  ones 
make  their  appearance.  But  the  quantity  of  matter 
remains  the  same.  The  elements  arrange  themselves 
differently. 

Three  Kinds  of  Chemical  Action. — The  numer- 
ous cases  of  chemical  action  may  be  divided  into  three 
classes:  (i)  combination;  (2)  decomposition;  and  (3) 
double  decomposition  or  metathesis.  As  an  example  of 
combination  the  case  of  the  action  of  iron  on  sulphur 
may  be  taken.  The  two  elements  combine  directly, 
forming  a  compound  known  as  iron  sulphide.  The 
action  may  be  represented  thus : 

Iron  +  Sulphur  =  Iron  Sulphide. 

A  good  example  of  decomposition  is  that  of  the  action 
of  heat  on  the  red  oxide  of  mercury  or  mercuric  oxide 
(see  Experiment  2).  When  this  substance  is  heated 
two  things  are  obtained  from  it :  an  invisible  gas,  oxygen, 
which  passes  out  of  the  vessel,  and  which  can  be  detected 
by  the  fact  that  substances  burn  in  it  more  readily  than 
they  do  in  air  ;  and  a  silvery-looking  liquid,  which  is 
quicksilver  or  mercury.  The  action  in  this  case  may  be 
represented  thus: 

Mercuric  Oxide  =  Mercury  -f-  Oxygen. 

In  double  decomposition  two  or  more  substances  act 
upon  one  another  and  give  rise  to  the  formation  of  two 
or  more  new  ones.  Thus  when  hydrochloric  acid  acts 
upon  marble  (see  Experiment  3)  two  substances,  calcium 
chloride  and  carbonic  acid,  are  formed.  This  may  be 
represented  thus : 

Hydrochloric  Acid  +  Calcium  Carbonate  (or  marble)  = 
Calcium  Chloride  +  Carbonic  Acid. 

Most  cases  of  chemical  action  which  we  have  to  deal 
with  are  of  the  third  kind. 
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The  Cause  of  Chemical  Action. — It  is  evident 
from  what  we  have  already  learned  that  there  is  some 
power  which  can  hold  substances  together  in  a  very 
intimate  way,  so  intimate  that  we  cannot  recognise  them 
by  ordinary  means.  We  do  not  know  what  causes 
sulphur  and  iron  to  combine,  but  we  know  that  they  do 
combine.  Similarly,  we  do  not  know  what  causes  a 
stone  thrown  in  the  air  to  fall  back  again,  but  we  know 
that  it  falls  back.  It  is  true  we  say  that  the  cause  of  the 
falling  of  the  stone  is  the  attraction  of  gravitation,  but 
this  does  not  give  us  any  information,  for,  if  we  ask 
what  the  attraction  of  gravitation  is,  we  can  only  answer 
that  it  is  that  which  causes  all  bodies  to  attract  one 
another.  So,  too,  we  may  say  that  the  cause  of  the 
chemical  union  of  substances  is  chemical  attraction.  But 
in  so  doing  we  are  only  giving  a  name  to  something 
about  which  we  know  nothing  except  the  effects  which  it 
produces. 

Importance  of  Chemical  Action. — If  this  power, 
whatever  it  may  be,  should  cease  to  operate,  what  would 
be  the  result  ?  As  far  as  we  can  see  all  substances 
known  to  be  chemical  compounds  would  be  decomposed 
into  the  elements  of  which  they  are  composed,  and  there 
would  be  only  about  sixty  or  seventy  different  kinds  of 
substances.  All  living  things  would  cease  to  exist,  and 
in  their  place  we  should  have  three  invisible  gases  and 
something  very  much  like  charcoal.  Mountains  would 
crumble  to  pieces,  and  all  water  would  disappear,  giving 
two  invisible  gases.  The  processes  of  life  in  its  many 
forms  would  be  impossible.  These  considerations  will 
suffice  to  show  the  great  importance  of  the  subject  of 
chemistry,  and  how  impossible  it  is  without  some  know- 
ledge of  this  subject  to  form  any  conception  in  regard 
to  the  most  important  phenomena  of  the  universe. 

Occurrence  of  the  Elements. — As  has  already 
been  stated  (p.  10),  not  more  than  a  dozen  elements 
enter  largely  into  the  composition  of  the  earth.  It  has 
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been  estimated  that  the  solid  crust  of  the  earth  is  made 
up  approximately  as  represented  in  this  table — 

Oxygen 44-48  per  cent. 

Silicon  .....  22-36 
Aluminium  .  .  .  .6-10 
Iron  .  .  .  .  .2-10 

Calcium 1-7 

Magnesium  .  .  .  .0.1-3 
Sodium  .  .  .  .  .2-3 
Potassium  .  .  .  .  1.5-  3 

While  oxygen  forms  a  large  proportion  of  the  solid 
crust  of  the  earth,  it  forms  a  still  larger  proportion 
(eight  ninths)  of  water,  and  about  one  fifth  of  the  air. 
Carbon  is  the  principal  element  entering  into  the  struc- 
ture of  living  things,  while  hydrogen,  oxygen,  and 
nitrogen  also  are  essential  constituents  of  animals  and 
plants.  Nitrogen  forms  about  four  fifths  of  the  air. 

The  Names  of  the  Elements. — The  names  of  the 
elements  are  formed  in  many  different  ways.  The  name 
chlorine  is  derived  from  a  Greek  word  meaning  greenish 
yellow,  as  this  is  the  colour  of  chlorine.  Bromine  comes 
from  a  Greek  word  meaning  a  stench,  a  prominent 
characteristic  of  bromine  being  its  bad  odour.  Hydrogen 
is  formed  from  two  Greek  words,  one  of  which  means 
water,  and  the  other  to  produce,  signifying  that  it  enters 
into  the  composition  of  water.  Potassium  is  an  element 
found  in  potash,  and  sodium  is  found  in  soda. 

The  Symbols  of  the  Elements. — It  is  convenient 
to  use  abbreviations  for  the  names  of  the  elements  and 
compounds.  Thus,  instead  of  Oxygen  we  may  write 
simply  O,  for  hydrogen  H,  for  nitrogen  N,  etc.  Very 
frequently  the  first  letter  of  the  name  of  the  element  is 
used  as  the  symbol.  If  the  names  of  two  or  more 
elements  begin  with  the  same  letter,  this  letter  is  used, 
but  some  other  letter  of  the  name  is  added.  Thus  B  is 
the  symbol  of  boron,  Ba  of  barium,  Bi  of  bismuth,  etc. 
In  some  cases  the  symbols  are  derived  from  the  Latin 
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names  of  the  elements.  Thus  the  symbol  of  iron  is  Fe, 
fromferrumj  of  copper,  Cu,  from  cuprum  j  of  mercury, 
Hg,  from  hydrargyrum,  etc.  The  symbols  of  the  more 
common  elements  will  soon  become  familiar  by  use.  It 
is  not  desirable  to  attempt  to  commit  them  to  memory 
at  this  stage. 

List  of  the  Elements  and  their  Symbols. — 
In  the  table  here  given  the  names  of  those  elements 
which  are  most  widely  distributed,  and  which  form  by 
far  the  largest  part  of  the  earth,  are  printed  in  SMALL 
CAPITALS.  The  names  of  those  which  are  very  rare  are 
printed  in  italics. 


ALUMINIUM 

.    Al 

HYDROGEN 

.     H 

Ruthenium 

.   Ru 

Antimony. 

.    Sb 

Indium    . 

.     In 

Samarium 

.  Sm 

Arsenic 

.  As 

Iodine 

.       I 

Scandium 

.    Sc 

Barium 

.    Ba 

Indium    . 

.     Ir 

Seleniiim  . 

.    Se 

Bismuth    . 

.    Bi 

IRON 

.    Fe 

SILICON  . 

.     Si 

Boron 

.      B 

Lanthanum 

.    La 

Silver 

•   Ag 

Bromine    . 

.    Br 

Lead 

.    Pb 

SODIUM  . 

.   Na 

Cadmium  . 

.  Cd 

Lithium  . 

.     Li 

Strontium 

.     Sr 

C&sium 

.    Cs 

MAGNESIUM 

.  Mg 

Sulphur    . 

.      S 

CALCIUM. 

.    Ca 

Manganese 

.  Mn 

Tantalum 

.    Ta 

CARBON   . 

.      C 

Mercury  . 

.  Hg 

Tellurium 

.    Te 

Cerium 

.    Ce 

Molybdenum 

.  Mo 

Thallium 

.    Tl 

CHLORINE 

.    Cl 

Nickel     . 

.    Ni 

Thorium  . 

.    Th 

Chromium 

.    Cr 

Niobium  . 

.  Nb 

Tin. 

.    Sn 

Cobalt 

.    Co 

NITROGEN 

.     N 

Titanium  . 

.    Ti 

Cohtmbium 

.   Cb 

Osmium  . 

.    Os 

Tungsten  . 

.     W 

Copper 

.   Cu 

OXYGEN  . 

.     O 

Uranium  . 

.     U 

Didymium 

.    Di 

Palladium 

.    Pd 

Vanadium 

.      V 

Erbium 

.     E 

Phosphorus 

.     P 

Ytterbitim 

.    Yt 

Fluorine    . 

.     F 

Platinum. 

.    Pt 

Yttrium  . 

.     Y 

Gallium    , 

.    Ga 

POTASSIUM 

.     K 

Zinc 

.    Zn 

Glucinum 

.    Gl 

Rhodium 

.    Rh 

Zirconium 

.     Zr 

Gold 

.   Au 

Rubidium 

.   Rb 

What  "We  Shall  Study. — In  the  course  which  you 
have  begun  you  will  study  only  the  most  common  ele- 
ments and  their  action  upon  one  another.  In  this  way 
you  will  be  able  to  learn  much  about  the  chemistry  of 
many  interesting  things,  such  as  burning,  the  rusting  of 
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iron,  the  growth  of  plants  and  animals,  the  extraction  of 
useful  metals  from  their  ores,  the  manufacture  of  illu- 
minating gas,  of  soap,  etc.  etc.,  and  at  the  same  time 
you  will  acquire  a  knowledge  of  the  general  principles 
of  chemistry  which  will  enable  you  to  take  a  more 
intelligent  view  of  the  universe  than  you  can  without 
this  knowledge. 


CHAPTER   II 


THE    CHEMISTRY    OF    THE   AIR 

The  Air  Causes  Chemical  Changes. — One  of  the 
most  interesting,  most  common,  and  most  important 
chemical  changes  with  which  we  are  familiar  is  that 
which  is  know  as  burning.  No  matter  how  we  may 
begin  the  study  of  chemical  facts,  we  are  at  once  brought 
face  to  face  with  the  fact  that  the  air  takes  part  in  chemi- 
cal change. 

EXPERIMENT  13. — In  a  small  porcelain  crucible  arranged 
as  shown  in  Fig.  3  put  a  small  piece  of  lead.  Heat  by  means 
of  a  laboratory  burner,  and  notice  the  changes  which  take  place. 
After  the  lead  is  melted  stir  with  a  thick 
iron  wire  while  heating.  Continue  to  heat 
and  stir  until  the  substance  is  no  longer 
liquid.  What  is  its  appearance  now  ?  Let 
it  cool.  Is  it  lead  ?  What  difference  is 
there  between  the  action  in  this  case  and  in 
the  case  of  melting  ice  and  cooling  the 
water  down  again  ?  Which  is  chemical 
action  and  which  physical  action  ?  Why  ? 

EXPERIMENT  14. — Heat  a  piece  of  zinc  in  the  same  way  as 
you  have  just  heated  lead.  What  changes  take  place  ? 

EXPERIMENT  15. — Heat  a  piece  of  tin  in  the  same  way. 
What  changes  take  place  ? 

What  Caused  the  Changes  ? — By  heating  lead, 
zinc,  and  tin  in  the  air,  then,  they  are  changed  to 
powders  which  do  not  melt.  The  question  will  suggest 
itself,  does  the  heat  alone  cause  these  changes  or  has  the 
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air  something  to  do  with  them  ?  The  air  alone  plainly 
does  not  cause  the  changes,  for  they  do  not  take  place 
until  the  substances  are  heated.  To  learn  whether  the  air 
has  anything  to  do  with  them  we  shall  have  to  heat  the 
substances  in  such  a  way  as  to  keep  the  air  from  getting 
at  them.  This  can  be  done  by  putting  in  the  vessel 
something  which  melts  and  which  will  float  on  the  melted 
metal.  Such  a  substance  is  ordinary  borax. 

EXPERIMENT  16. — Repeat  Experiments  13,  14,  and  15, 
adding  in  each  case  enough  borax  to  form  a  complete  cover  to 
the  metal  after  both  are  melted.  Do  the  metals  melt  ?  Are 
they  changed  to  powders  as  in  the  previous  experiments  ? 

Many  Similar  Facts  are  Known. — The  examples 
given  above  are  only  a  few  of  a  large  number  of  similar 
ones  known.  Hence  the  statement  that  many  metals 
when  heated  in  the  air  undergo  chemical  change  and 
are  converted  into  powders  which  do  not  melt.  The 
powders  are  formed  by  the  action  of  the  air  on  the 
heated  metals,  for  if  the  air  be  kept  away  from  the 
metals  the  changes  do  not  take  place. 

The  Metals  Increase  in  Weight  when  Heated 
in  the  Air. — If  you  were  to  weigh  the  metals  used  in 
Experiments  13,  14,  and  15,  and  then  weigh  the  powders 
obtained,  you  would  find  that  in  each  case  the  powder 
weighs  more  than  the  metal.  This  fact,  taken  together 
with  the  others  already  learned,  shows  that  there  is  some- 
thing in  the  air  which  at  high  temperatures  combines 
with  the  metals  tin,  zinc,  and  lead. 

Burning  in  the  Air. — The  phenomenon  of  burning 
takes  place  in  the  air,  and  the  question  suggests  itself, 
has  the  air  anything  to  do  with  the  burning  ?  You 
know  that  if  you  shut  up  a  stove  completely  the  fire  dies 
down,  and  unless  the  draught -door  is  opened  the  fire 
goes  out.  If  you  want  the  fire  to  burn  more  actively 
you  open  the  draught -doors,  when  air  is  drawn  in  and 
the  burning  is  made  to  take  place  more  rapidly.  A  fire 
burns  better  when  air  is  blown  into  it  with  a  bellows. 
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A  candle  is  put  out  when  anything  is  brought  clown 
upon  the  flame  in  such  a  way  as  to  keep  out  the  air. 
When  a  smouldering  fire  is  covered  with  ashes  it  goes 
out.  All  these  facts,  which  are  well  known  to  every  one, 
make  it  appear  probable  that  the  air  has  something 
to  do  with  burning,  but  they  do  not  show  what.  In 
order  to  learn  this  we  shall  have  to  experiment  carefully, 
noticing  eveiything  that  takes  place. 

EXPERIMENT  17. — Fix  a  short  bit  of  candle  on  a  large  flat 
cork  or  a  block  of  wood.  Light  the  candle  and  place  it  with 
the  block  on  the  surface  of  water  contained  in  a  pail  or  some 

other  appropriate  vessel.  Place 
over  it  a  good-sized  glass  vessel, 
either  a  wide -mouthed  bottle 
or  a  good -sized  fruit-jar,  as  re- 
presented in  Fig.  4,  so  that 
the  candle  and  cork  are  in  the 
glass  vessel  and  the  mouth  of 
the  vessel  is  beneath  the  surface 
of  the  water.  Hold  it  in  this 
position  for  a  few  minutes  and 
observe  what  takes  place.  Does 
the  candle  continue  to  burn  ? 
Is  all  the  air  contained  in  the 
vessel  used  up  when  the  candle 

goes  out  ?  Try  the  experiment  a  second  time,  and  when  the 
candle  is  nearly  out  raise  the  glass  vessel  so  that  air  can  get  in. 
Does  this  make  any  difference  ?  What  difference  ?  What  do 
these  experiments  prove  ? 

A  Candle  "Will  Not  Burn  in  the  Air  that  is 
Left. — If,  after  the  candle  has  gone  out,  you  place  your 
hand  or  a  ground-glass  plate  over  the  mouth  of  the 
vessel  and  turn  it  mouth  upward,  and  then  insert  into  it  a 
lighted  candle  on  a  wire,  the  candle  will  be  extinguished. 
You  see  that  the  air  which  is  left  in  the  vessel  after  a 
candle  has  burned  in  it  and  gone  out  is  not  the  same  as 
ordinary  air. 

EXPERIMENT  18. — Try  the  experiment  just  mentioned.  The 
candle  on  the  wire  should  be  arranged  as  shown  in  Fig.  5. 
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FIG.  5. 


Does  the  Candle  Increase  in  "Weight  ? — You 
know  that  in  burning  the  candle  gradually  disappears, 
and  from  this  you  would  be  inclined  to  think  that  it  is 
destroyed.    But  if  you  were  to  collect 
the    smoke  which   is  given  off  and 
weigh    it,    you    would    find    that    it 
weighs  more  than  that  part  of  the 
candle   which  has  burned  up.      So 
that   instead  of  there  being  a  loss 
of  matter  there  is  apparently  a  gain. 

EXPERIMENT  19. — On  one  pan  of 
an  appropriate  balance  place  a  candle, 
and  directly  over  it  suspend  a  wide  glass 
tube  containing  pieces  of  caustic  soda, 
a  substance  which  has  the  power  to 
absorb  most  of  the  smoke  given  off'  from 
the  burning  candle.  Place  a  similar 

glass  tube  with  caustic  soda  on  the  other  pan  of  the  balance, 
and  exactly  balance  the  two  pans.  Now  light  the  candle, 
and  in  the  course  of  a  few  minutes  the  pan  with  the  candle 
on  it  will  sink,  showing  that  it  is  heavier  than  the  other. 

One -Fifth  of  the 
Air  is  used  up  when 
Anything  Burns  in 
a  Closed  Vessel. — 
By  careful  experiments 
which  it  would  be  diffi- 
cult to  repeat  here,  it 
has  been  shown  that 
only  one-fifth  of  the  air 
is  capable  of  keeping 
up  the  process  of  burn- 
ing, while  the  rest  is 
an  inactive  substance  in 
FlG- 6-  which  burning  cannot 

ike  place.      If,  for  example,  you  could  heat  a  piece  of 
id  or  zinc  in  a  closed  vessel  for  a  time,  then  let  it  cool 
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and  open  the  vessel  under  water,  you  would  find  that  water 
would  rush  in  and  fill  about  one -fifth  of  the  vessel, 
showing  that  this  much  air  had  been  used  up.  If  you 
should  weigh  the  metal  b'efore  and  after  heating  you 
would  find  that  it  had  increased  in  weight,  and  if  you 
should  weigh  the  air  used  up  you  would  find  that  its 
weight  is  exactly  equal  to  the  increase  of  weight  of  the 
metal.  A  great  many  experiments  of  this  kind  have 
been  performed,  and  they  have  shown  that  when  a  sub- 
stance burns  it  uses  up  something  from  the  air  and 
increases  in  weight  exactly  as  much  as  the  air  loses. 

The  Air  Consists  Mainly  of  Two  Substances. 
— The  air  then  consists  of  two  substances,  only  one  of 
which  can  keep  up  the  process  of  burning.  This  one  is 
known  as  oxygen.  The  other,  in  which  things  cannot 
burn,  is  known  as  nitrogen.  Besides  these  the  air 
always  contains  smaller  quantities  of  other  substances, 
particularly  water  vapour,  carbonic  acid  (or  carbon 
dioxide),  and  ammonia.  We  shall  soon  study  these 
substances  and  see  of  what  value  they  are  in  the  air. 
Oxygen  and  nitrogen  are  called  elements  because  no 
one  has  been  able  to  decompose  them  and  get  anything 
simpler  from  them. 


CHAPTER    III 

OXYGEN 

Occurrence  of  Oxygen.  —  Oxygen  is  the  most 
widely  distributed  element,  and  it  occurs  also  in  very 
large  quantity.  It  has  been  stated  that  it  forms  between 
forty  and  fifty  per  cent  of  the  solid  crust  of  the  earth, 
eight-ninths  of  water  and  one-fifth  of  the  air  by  bulk. 

Preparation  of  Oxygen. — We  have  oxygen  around 
us  in  great  abundance,  but  it  is  mixed  with  nitrogen, 
and  it  is  difficult  to  separate  the  two  so  as  to  get  the 
oxygen.  The  easiest  way  to  get  oxygen  is  by  heating 
something  which  contains  it.  One  of  the  simplest 
examples  of  this  kind  is  the  oxide  of  mercury,  which 
when  heated  gives  mercury  and  oxygen.  When  mer- 
cury itself  is  heated  in  the  air  for  some  time  to  very 
near  its  boiling  point  it  is  gradually  changed  to  a  red 
powder,  just  as  lead  and  tin  and  zinc  are  changed  to 
powders  when  heated  in  the  air.  This  powder  is  a 
compound  of  mercury  and  oxygen.  When  the  compound 
is  heated  to  a  high  temperature  it  is  decomposed  into 
its  elements,  mercury  and  oxygen. 

Collection  of  Oxygen. — The  oxygen  given  off 
from  the  oxide  of  mercury  is  most  conveniently  collected 
by  causing  it  to  displace  water.  For  this  purpose  the 
apparatus  should  be  arranged  as  represented  in  Fig.  7. 
On  now  heating  the  oxide,  the  oxygen  which  is  set  free 
necessarily  passes  through  the  narrow  tube  and  escapes 
beneath  the  mouth  of  the  inverted  glass  vessel  which  is 
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filled  with  water.  The  gas  being  lighter  than  water 
rises  and  the  water  is  displaced.  The  oxide  of  mercury 
should  be  heated  in  a  tube  made  of  hard  glass  closed  at 
one  end. 

Oxygen  Made  from  Potassium  Chlorate.— 
Another  substance  which  readily  gives  up  oxygen  when 
heated  is  potassium  chlorate  or,  as  it  is  commonly 
called,  chlorate  of  potash.  This  is  manufactured  in 


FIG.  7. 

large  quantities  and  is  easily  obtained  It  contains  the 
three  elements  potassium,  chlorine,  and  oxygen.  When 
heated  it  gives  up  the  oxygen,  and  a  compound  of 
potassium  and  chlorine,  known  as  potassium  chloride, 
very  much  like  common  salt,  is  left  behind. 

EXPERIMENT  20. — Arrange  an  apparatus  as  shown  in 
Fig  8.  A  represents  a  flask  of  100  c.cm.  capacity.  By  means 
of  a  good-fitting  rubber  stopper  one  end  of  the  bent  glass  tube 
B  is  connected  with  it,  and  the  other  end,  which  should  turn 
upward  slightly,  is  placed  under  the  surface  of  the  water  in  C. 
In  A  put  4  to  5  grams  (about  an  eighth  of  an  ounce)  potassium 
chlorate,  and  gently  heat  by  means  of  a  lamp.  ^Vhen  gas 
comes  off  freely  bring  the  inverted  cylinder  D  filled  with  water 
over  the  end  of  the  tube,  and  let  the  bubbles  of  gas  rise  in  the 
cylinder.  Examine  the  gas  by  placing  a  glass  plate  over  the 
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mouth  of  the  vessel  containing  it  and  inverting  it.  Insert  into 
it  a  stick  with  a  spark  on  its  end.  What  takes  place  ?  Is 
the  gas  contained  in  the  vessel  ordinary  air  ? 

Oxygen    Made    by    Heating-    a    Mixture    of 

Potassium  Chlorate  and  Manganese  Dioxide. 

The  most  convenient  way. to  make  oxygen  in  the  labora- 


tory is  to  heat  a  mixture  of  equal  parts  of  potassium 
chlorate  and  manganese  dioxide  or  "  black  oxide  of 
manganese."  This  mixture  gives  off  oxygen  very  readily 
when  heated.  The  potassium  chlorate  alone  is  decom- 
posed under  these  circumstances,  the  manganese  dioxide 
remaining  unchanged.  It  is  not  known  how  the  man- 
ganese dioxide  helps  the  action. 

EXPERIMENT  21. — Mix  25  to  30  grams  (or  about  an  ounce) 
of  potassium  chlorate  with  an  equal  weight  of  coarsely  powdered 
manganese  dioxide  in  a  mortar.  Heat  the  mixture1  in  a  glass 

1  Black  oxide   of  manganese   is  sometimes  adulterated  with  other_  sub- 
stances, and  when  heated  with  potassium  chlorate  it  may  then  give  rise  to 
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retort  arranged  as  shown  in  Fig.  9,  and  collect  the  gas  by 
displacement  of  water  in  appropriate  vessels — cylinders,  bell- 
glasses,  bottles  with  wide  mouths,  etc. 

Physical  Properties  of  Oxygen.  —  Having  thus 
learned  how  to  get  oxygen, 
you  may  proceed  to  study 
its  properties.  In  the  first 
place,  the  gas  is  invisible. 
The  slight  cloud  which  ap- 
pears in  the  vessels  when 
the  gas  is  first  collected  is 
due  to  the  presence  of  a 
very  small  quantity  of  a 
substance  which  is  not 
oxygen.  If  the  vessels  are 
allowed  to  stand  for  a  few 
minutes  the  cloud  will 
disappear,  and  the  vessels 
will  look  the  same  as  if 
they  were  filled  with  air. 
FlG'9'  The  gas  is  tasteless  and 

inodorous.  [Inhale  a  little  from  one  of  the  small  bottles.] 
It  is  slightly  heavier  than  the  air.  When  subjected  to 
an  extremely  high  pressure  and  low  temperature  it 
becomes  liquid.  The  properties  of  oxygen  to  which 
reference  has  thus  far  been  made  are  its  physical 
properties.  These  are  its  appearance,  taste,  smell, 
relative  weight,  and  changes  in  its  condition,  which 
still  leave  it  in  the  elementary  form  or  uncombined 
chemically. 

Chemical  Conduct  of  Oxygen. — In  order  to  get 
an  idea  of  the  way  in  which  oxygen  acts  upon  some 
simple  substances  under  ordinary  circumstances  a  few 
experiments  should  be  performed.  We  want  to  learn  : 

explosions.  It  should  be  tested  before  using  by  mixing  a  little  with  potas- 
sium chlorate  and  heating  in  a  test  tube.  If  the  decomposition  takes  place 
quietly  the  substance  may  be  used  for  the  preparation  of  oxygen. 
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What  changes  oxygen  can  effect  in  other  substances  ; 
what  conditions  are  necessary  in  order  that  it  may  act 
chemically  ;  what  products  are  formed,  etc.  etc. 

The  Action  of  Oxygen  at  the  Ordinary 
Temperature. 

EXPERIMENT  22. — Turn  three  of  the  bottles  containing 
oxygen  with  the  mouth  upward,  leaving  them  covered  with 
glass  plates.  Into  one  introduce  a  little  sulphur  in  a  so-called 
deflagrating  spoon,  which  is  a  small  cup  of  iron  or  brass  attached 
to  a  stout  wire  which  passes  through  a  round  metal  plate,  usually 
of  tin  (see  Fig.  10).  In  another  put  a  little  charcoal  (carbon), 
and  in  a  third  a  piece  of  phosphorus1  about  the  size  of  a  pea. 
Let  them  stand  quietly  and  notice  what  changes,  if  any,  take 
place. 

"What  these  Experiments  Show. — These  experi- 
ments show  that  oxygen  does  not  act  upon  sulphur  and 
carbon  when  brought  in  contact  with  them,  and  that  the 
action  upon  phosphorus  is  slight.  We  might  perform 
experiments  of  this  kind  with  a  great  many  substances, 
and  we  should  reach  the  conclusion  that  at  the  ordinary 
temperature  oxygen  does  not  readily  act  upon  substances. 
Indeed,  as  the  air  contains  a  considerable  proportion  of 
oxygen,  it  is  clear  that  oxygen  does  not  readily  act  upon 
substances  at  ordinary  temperatures  or  action  would 
constantly  be  taking  place  bet\veen  the  air  and  many  of 
the  substances  exposed  to  it. 

Slow  Action  of  Oxygen  at  the  Ordinary 
Temperature. — Upon  some  substances  oxygen  does 
act  even  at  ordinary  temperature.  Some  metals,  as  iron, 
become  covered  with  a  layer  of  rust  when  exposed  to 
the  air.  This  is  due  partly,  at  least,  to  the  action  of 
the  oxygen  of  the  air.  Wood  and  other  vegetable  sub- 

1  Phosphorus  should  be  handled  with  great  care.  It  is  always  kept  under 
water,  usually  in  the  form  of  sticks.  If  a  small  piece  is  wanted,  take  out  a 
stick  with  a  pair  of  forceps,  and  put  it  under  water  in  an  evaporating-dish. 
While  it  is  under  the  -water  cut  off  a  piece  of  the  size  wanted.  Take  this 
out  by  means  of  a  pair  of  forceps,  lay  it  for  a  moment  on  a  piece  of  filter- 
paper,  which  will  absorb  most  of  the  water  ;  then  quickly  put  it  in  a  spoon. 
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stances  undergo  slow  decomposition  when  exposed  to  the 
air,  in  consequence  of  the  action  of  the  oxygen.  Animal 
substances  undergo  decomposition  comparatively  readily 
when  exposed  to  the  air.  The  process  of  decay  is  partly 
due  to  the  action  of  oxygen  at  the  ordinary  tempera- 
ture. 

The  Action  of  Oxygen  in  Animal  Bodies.— 
The  most  important  illustration  of  the  action  of  oxygen 
at  low  temperatures  is  that  which  takes  place  in  our 
bodies  and  the  bodies  of  all  animals.  The  food  which 
we  partake  of  undergoes  many  changes  ;  some  of  the 
substances  uniting  with  oxygen.  Then,  too,  we  take 
large  quantities  of  oxygen  into  our  lungs  in  breathing. 
This  acts  upon  various  substances  which  are  presented 
to  it  in  the  lungs  ;  it  combines  with  them,  forming  other 
substances  which  can  easily  be  got  rid  of.  More  will  be 
said  in  regard  to  the  breathing  of  animals  and  plants 
when  the  subject  of  carbon  and  its  compounds  with 
oxygen  is  taken  up. 

The  Action  of  Oxygen  upon  Heated  Sub- 
stances.— Suppose  that  before 
putting  them  in  the  oxygen 
we  heat  the  substances  used 
in  Experiment  22,  what  will 
then  take  place  ? 


EXPERIMENT  23. — In  a  de- 
flagrating-spoon  set  fire  to  a  little 
sulphur  and  let  it  burn  in  the  air. 
Notice  whether  it  burns  with  ease 
or  with  difficulty.  Notice  the  odour 
FlG>  io  of  the  fumes  which  are  given  off. 

Now  set  fire  to  another  small  por- 
tion and  introduce  it  in  a  spoon  into  one  of  the  vessels  con- 
taining oxygen,  as  shown  in  Fig.  io.  Does  the  sulphur  burn 
more  readily  in  the  oxygen  or  in  the  air  ?  Notice  the  odour  of 
the  fumes  given  off.  Is  it  the  same  as  that  noticed  when  the 
burning  takes  place  in  the  air  ? 
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EXPERIMENT  24. — Perform  similar  experiments  with  char- 
coal. 

EXPERIMENT  25. — Burn  a  small  piece  of  phosphorus  in 
the  air  and  in  oxygen.  In  the  latter  case  the  light  emitted  from 
the  burning  phosphorus  is  so  intense  that  it  is  painful  to  some 
eyes  to  look  at  it.  After  the  burning  is  over  let  the  vessel  stand. 
Does  it  become  clear  ? 

"What  Took  Place  in  these  Experiments  ? — In 
the  first  place,  the  substances  were  simply  heated  before 
they  were  introduced  into  the  oxygen.  Nothing  was 
added  to  them.  It  is  clear,  therefore,  that  while  oxygen 
does  not  act  upon  these  substances  at  the  ordinary  tem- 
perature, it  does  act  upon  them  at  higher  temperatures. 
But  what  does  the  action  consist  in  ?  We  can  determine 
this  only  by  a  careful  study  of  the  substances  before  and 
after  the  action.  We  must  know  not  only  what  sub- 
stances are  brought  together,  but  also  what  the  weight 
of  each  is;  and  we  must  know  what  substances  are  left 
behind,  and  the  exact  weight  of  these.  By  means  of 
accurate  experiments  it  has  been  shown  repeatedly  that 
the  substances  which  burn  in  oxygen  disappear  as  such, 
and  that  in  each  case  a  definite  quantity  of  oxygen  is 
also  used  up.  The  result  of  the  experiments  can  be 
stated  thus  :  The  weight  of  the  substance  burned  plus  the 
weight  of  the  oxygen  used  up  is  exactly  equal  to  the 
weight  of  the  product  formed. 

Burning  is  Combining  -with  Oxygen. — From 
what  we  have  learned  we  may  conclude  that  when  a 
substance  burns  in  oxygen  the  act  consists  in  the  chemical 
combination  of  the  two. 

Burning  in  the  Air. — To  determine  whether 
burning  in  the  air  is  the  same  act  as  burning  in  oxygen, 
it  is  necessary  to  burn  the  same  things  in  air  and  in  pure 
oxygen  and  see  whether  the  products  are  the  same. 
This  has  been  done  a  great  many  times,  and  always 
with  the  same  result.  Whether  a  substance  burns  in 
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the  air  or  in  pure  oxygen  the  same  product  is  formed, 
and  nothing  else.  It  is  therefore  certain  that  the  act  of 
burning  in  the  air  is  due  to  the  presence  of  oxygen.  As 
we  have  already  seen,  there  is  another  substance  present 
in  the  air  in  large  quantity,  and  it  is  due  to  this  fact  that 
burning  does  not  take  place  as  readily  in  the  air  as  in 
oxygen. 

Combustion. — By  the  term  combustion  in  its 
broadest  sense  is  meant  any  chemical  act  which  is  ac- 
companied by  an  evolution  of  light  and  heat.  Ordinarily, 
however,  it  means  the  union  of  substances  with  oxygen 
as  this  union  takes  place  in  the  air,  with  evolution  of 
light  and  heat.  Substances  which  have  the  power  to 
unite  with  oxygen  are  said,  to  be  combustible,  and  sub- 
stances which  have  not  this  power  are  said  to  be  incom- 
bustible. Most  of  the  elements  combine  with  oxygen 
under  proper  conditions,  and  are  therefore  combustible. 
Most  compounds  formed  by  the  union  of  oxygen  with 
combustible  substances  are  incombustible.  They  con- 
tain oxygen  and  they  cannot  directly  combine  with  any 
more. 

Some  Substances  -which  do  not  Burn  in  the 
Air  Burn  in  Oxygen. — The  best  illustration  of  this 
fact  is  that  of  iron.  This  metal,  as  you  know,  does  not 
burn  in  the  air.  If  it  did,  all  our  stoves,  iron  vessels, 
and  iron  buildings  would  burn  up.  In  pure  oxygen, 
however,  iron  burns  readily. 

EXPERIMENT  26. —  Straighten  a  steel  watch-spring3  and 
fasten  it  in  a  piece  of  metal,  such  as  is  used  for  fixing  a  de- 
flagrating-spoon  in  an  upright  position  ;  wind  a  little  thread 
around  the  lower  end,  and  dip  it  in  melted  sulphur.  Set  fire 
to  this  and  insert  it  into  a  vessel  containing  oxygen.  For  a 
moment  the  sulphur  will  burn  as  in  Experiment  23  ;  but  soon 
the  steel  will  begin  to  burn  brilliantly,  and  the  burning  will 
continue  as  long  as  there  is  oxygen  left  in  the  vessel.  The 

1  Old  watch-springs  can  generally  be  had  of  any  watchmaker  or  mender 
for  the  asking.  They  can  be  straightened  by  pulling  them  between  the 
thumb  and  some  hard  substance,  such  as  a  glass  rod  or  a  round  pencil. 
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phenomenon  is  of  great  beauty,  especially  if  observed  in  a  dark 
room.  The  walls  of  the  vessel  become  .covered  with  a  dark 
reddish-brown  substance,  some  of  which  will  also  be  found  at 
the  bottom  in  large  pieces. 

Kindling  Temperature. — You  have  seen  that  sub- 
stances do  not  usually  combine  with  oxygen  at  ordinary 
temperatures,  but  that  in  order  to  effect  the  union  the 
temperature  must  be  raised.  If  this  were  not  the  case 
it  is  plain  that  every  combustible  substance  in  nature 
would  burn  up,  for  the  air  supplies  a  sufficient  quantity 
of  oxygen  for  this  purpose.  Some  substances  need  to 
be  heated  to  a  high  temperature  before  they  will  combine 
with  oxygen  ;  others  require  to  be  heated  only  slightly. 
Every  combustible  substance  has  its  kindling  tempera- 
tiire;  that  is,  the  temperature  at  which  it  will  unite  with 
oxygen.  Below  this  temperature  it  will  not  unite  with 
oxygen.  Watch  a  stick  of  wood  burning,  and  watch 
how,  as  we  say,  "  the  fire  creeps  "  along  it.  The  reason 
of  the  slow  advance  is  simply  this  :  only  those  parts  of 
the  stick  which  are  nearest  the  burning  part  become 
heated  to  the  kindling  temperature.  They  take  fire  and 
heat  the  parts  nearest  them,  and  so  on  gradually  through- 
out the  length  of  the  stick. 

Heat  a  Result  of  Combustion. — We  know  that 
whenever  a  thing  burns  it  gives  out  heat,  and  generally 
light.  The  heat  is  a  result  of  the  act  of  chemical  com- 
bination, and  the  light  is  due  to  the  heat.  Whenever 
chemical  combination  takes  place  heat  is  given  off.  It  is 
caused  by  the  rapid  coming  together  of  the  particles  of 
the  substances  which  combine,  just  as  a  bullet  is  heated 
by  being  rapidly  projected  against  a  hard  target  which 
stops  it. 

Chemical  Energy  and  Chemical  "Work. — Any 
substance  which  has  the  power  to  combine  with  others 
can  do  chemical  work;  it  possesses  chemical  energy. 
Thus  all  combustible  substances  can  do  work.  In  com- 
bining with  oxygen  heat  is  given  off,  and  this  can  be 
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changed  into  motion.  To  go  back  to  the  example  of  the 
steam-engine,  which  was  referred  to  in  Chapter  I.,  the 
cause  of  the  motion  is  the  burning  of  the  fuel. 

Products  of  Combustion. — The  substances  formed 
in  combustion  are  in  general  known  as  oxides.  The 
compound  of  zinc  and  oxygen  is  called  zinc  oxide  j  that 
of  silver  and  oxygen,  silver  oxide,  etc. 


CHAPTER    IV 

COMBINING   WEIGHTS 

Elements  Combine  in  Definite  Weights. — A 
certain  weight  of  tin  always  combines  with  a  definite 
weight  of  oxygen.  If  equal  weights  of  sulphur  and  iron 
be  mixed  and  caused  to  act  chemically  by  the  aid  of 
heat,  it  will  be  found  that  some  of  the  sulphur  is  left 
over  in  the  uncombined  state  after  the  action  is  over. 
If  we  should  take  twice  as  much  iron  as  sulphur,  then, 
after  the  action,  some  iron  would  be  left  over.  An 
extensive  examination  has  shown  conclusively  that  each 
chemical  compound  always  contains  the  same  elements 
in  exactly  the  same  proportions.  The  compound  of 
sulphur  and  iron  always  contains  exactly  36.36  per 
cent  of  sulphur  and  63.64  per  cent  of  iron.  The  com- 
pound of  tin  and  oxygen  always  contains  exactly  78.67 
per  cent  of  tin  and  21.33  Per  cent  of  oxygen,  and  so  on 
throughout  the  list  of  chemical  elements. 

The  Law  of  Definite  Proportions. — These  facts 
were  discovered  by  the  united  efforts  of  a  large  number 
of  chemists  continued  through  several  years.  They  are 
of  great  importance.  They  are  summed  up  in  the 
general  statement : 

Chemical  combination  always  takes  place  between 
definite  masses  of  substances. 

This  is  known  as  the  law  of  definite  proportions. 

What  a  Natural  Law  is. — It  is  simply  a  state- 
ment of  what  we  have  every  reason  to  believe  to  be  the 
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truth.  Every  fact  known  to  us  in  regard  to  chemical 
combination  is  in  accordance  with  the  law  of  definite 
proportions.  It  expresses  what  has  been  learned  by  a 
study  of  chemical  facts.  This  law,  as  well  as  other 
natural  laws,  can  never  be  proved  to  be  absolutely  true, 
for  the  reason  that  we  cannot  examine  every  case  to 
which  the  law  applies.  But  if,  after  examining  a  very 
large  number  of  cases,  we  find  that  the  law  holds  true 
in  them,  we  may  conclude  that  it  is  true  of  all  cases. 
When  we  say  that  all  bodies  attract  one  another,  do  we 
know  this  to  be  absolutely  true  ?  Certainly  not.  But 
we  do  know  that  so  far  as  those  bodies  are  concerned 
which  come  under  our  observation  the  statement  is  true, 
and  therefore  we  have  reason  to  believe  that  it  is  true 
of  all  bodies. 

Proportions  by  "Weight  in  -which  the  Elements 
Combine. — A  careful  study  of  the  figures  representing 
the  composition  of  chemical  compounds  reveals  a  remark- 
able fact  regarding  the  relative  quantities  of  one  and  the 
same  element  which  enter  into  combination  with  other 
elements.  The  proportions  by  weight  in  which  some 
of  the  elements  combine  chemically  are  stated  in  the 
following  table  : — 

Sulphur  I  ;  Iron  7  ;  Iron  7  ; 

Oxygen  I.  Oxygen  2.  Sulphur  4. 

Magnesium  3  ;  Tin  59 ;  Zinc  65  ; 

Oxygen  2.  Oxygen  16.  Oxygen  16. 

Tin  59  ;  Zinc  65  ;  Sodium  23  ; 

Sulphur  1 6.  Sulphur  32.  Oxygen  8. 

Sodium  23  ;  Potassium  39  Potassium  39  ; 

Sulphur  1 6.  Oxygen  8.  Sulphur  16. 

You  see  that  for  iron,  tin,  zinc,  sodium,  and  potassium 
the  same  figures  are  used,  whether  you  have  the  com- 
pounds of  these  elements  with  oxygen  or  with  sulphur. 
Now,  if  we  were  to  determine  the  composition  of  all 
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compounds  which  contain  zinc,  we  should  find  that  the 
relative  quantity  of  zinc  present  could,  in  nearly  all  cases, 
be  expressed  by  the  figure  65.  Similarly  the  quantity 
of  sodium  in  sodium  compounds  could  be  expressed  by 
the  figure  23,  and  that  of  potassium  in  potassium  com- 
pounds by  39. 

Combining  "Weights  of  the  Elements. — For 
every  element  a  certain  number  can  be  selected,  such 
that  the  proportions  by  weight  in  which  this  element 
enters  into  combination  with  others  can  be  expressed 
by  the  number  or  by  a  simple  multiple  of  it.  These 
numbers  are  called  the  combining  weights.  It  is  not  by 
any  means  an  easy  matter  to  determine  which  numbers 
are  most  convenient  for  all  cases  ;  and  if  the  selection  is 
to  be  determined  solely  by  convenience,  there  may  be 
differences  of  opinion  as  to  what  is  most  convenient. 
We  shall  see  a  little  later  that  while  the  numbers 
primarily  express  the  combining  weights  and  nothing 
else,  and  are  based  solely  upon  determinations  of  the 
composition  of  chemical  compounds,  they  have  come  to 
have  a  deeper  meaning,  and  are  now  determined  by 
methods  which  you  cannot  well  understand  until  you 
have  gone  further  into  chemistry.  The  facts  which  it 
is  of  the  highest  importance  that  you  should  understand 
now  are  : 

1 i )  That  chemical  action  takes  place  between  definite 
weights  of  substances  ;  and 

(2)  That  the  relative  weights  of  the  elements  which 
enter  into  combination  with  one  another  can  be  expressed 
by  numbers  called  the  combining  weights. 

Symbols  of  Chemical  Compounds. — You  have 
learned  that  the  chemist  uses  a  kind  of  shorthand  to 
express  the  names  of  the  elements.  Instead  of  the 
name  oxygen  he  writes  the  symbol  O,  etc.  Now  these 
symbols  stand  not  only  for  the  names  but  also  for  the 
combining  weights  of  the  elements.  Thus,  O  stands 
not  only  for  the  name  oxygen  but  for  16  parts  by 
D 
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weight  ;  Fe  stands  for  56  parts  by  weight  of  iron,  etc. 
To  express  a  compound  in  the  shorthand,  the  symbols 
of  the  elements  contained  in  it  are  simply  placed  side  by 
side.  Thus,  common  salt  or  sodium  chloride  consists 
of  the  elements  sodium  and  chlorine,  which  are  combined 
in  the  proportion  of  their  combining  weights.  The 
symbol  of  the  compound  is  NaCl,  which  means  a  com- 
pound of  the  elements  sodium  and  chlorine  in  the 
proportion  23  of  sodium  and  35.5  of  chlorine. 

How  Chemists  Express  Chemical  Reactions. 
—  The  symbols  are  of  great  convenience  when  it  is 
desired  to  express  what  has  taken  place  in  a  chemical 
reaction.  Thus  you  have  seen  that  when  the  compound 
mercury  oxide,  HgO,  is  heated,  it  is  decomposed  into 
mercury  and  oxygen,  a  fact  which  is  clearly  expressed 
by  the  equation 

HgO  = 


which  tells  not  only  the  fact  that  decomposition  takes 
place,  but  the  proportions  by  weight  in  which  the  sub- 
stances take  part.  Thus,  the  compound,  HgO,  contains 
the  elements  in  the  proportion  of  200  parts  of  mercury 
to  1  6  parts  of  oxygen.  When  216  parts  of  this  com- 
pound are  decomposed  200  parts  of  mercury  and  16 
parts  of  oxygen  are  obtained. 

A  Chemical  Problem.  —  Suppose  you  wished  to 
know  how  much  oxygen  is  contained  in  50  grams  of 
mercury  oxide,  how  could  you  determine  it  ?  You  know 
that  in  2  1  6  parts  of  the  compound  there  are  1  6  parts  of 
oxygen  ;  or,  that  in  216  grams  of  the  compound  there 
are  16  grams  of  oxygen.  How  many  grams  of  oxygen 
are  there  in  50  grams  of  the  compound  ?  Plainly  the 
answer  is  given  by  solving  the  expression 

216  :  50  ::  16  :  the  number  of  grams  of  oxygen 
contained  in  50  grams  of  the  oxide. 

Law  of  Multiple  Proportions.  —  Two  elements 
frequently  combine  in  more  than  one  set  of  proportions. 
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Thus,  while  ordinarily  iron  and  sulphur  combine  in  the 
proportion  56  of  iron  to  32  of  sulphur,  they  also  com- 
bine in  the  proportion  56  of  iron  to  64  of  sulphur.  Tin 
combines  with  oxygen  in  two  proportions,  forming  two 
distinct  compounds.  In  one  1 1 8  parts  of  tin  are  com- 
bined with  1 6  parts  of  oxygen  ;  in  the  other  1 1 8  parts 
of  tin  are  combined  with  32  parts  of  oxygen.  The 
elements  potassium,  chlorine,  and  oxygen  combine  in 
several  proportions,  as  represented  here  : 

Potassium         .          39  39  39  39 

Chlorine  .          35.5        35.5        35.5        35.5 

Oxygen  16  32  48  64 

It  will  be  observed  that  while  in  the  compounds 
mentioned  the  quantities  of  oxygen  and  sulphur  united 
with  the  same  element  or  elements  vary,  these  quantities 
are  closely  related  to  one  another.  In  the  case  of  iron 
and  sulphur  there  is  twice  as  much  sulphur,  relatively,  in 
one  compound  as  in  the  other.  So,  also,  in  the  com- 
pounds of  tin  and  oxygen  there  is  twice  as  much  oxygen 
combined  with  a  given  quantity  of  tin  in  one  case  as  in 
the  other.  Finally,  in  the  four  compounds  which  are 
made  up  of  potassium,  chlorine,  and  oxygen  the  quantity 
of  oxygen  varies,  being  twice  as  great  in  the  second 
compound  as  in  the  first,  three  times  as  great  in  the 
third,  and  four  times  as  great  in  the  fourth.  These 
facts,  and  others  of  the  same  kind,  are  summed  up  in 
the  Law  of  Multiple  Proportions^  which  may  be  stated 
thus  : 

If  two  elements,  A  and  .Z?,  combine  in  different 
proportions^  the  relative  quantities  of  B  which  combine 
with  any  fixed  quantity  of  A  bear  a  simple  ratio  to  one 
another. 

Symbols  of  Compounds  of  Elements  Com- 
bined in  More  than  One  Proportion. — As  has 
already  been  stated,  when  two  elements  combine  in 
the  simplest  proportion  the  symbol  of  the  compound  is 
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made  by  putting  the  symbols  of  the  elements  side  by 
side,  as  in  HgO,  NaCl,  etc.,  etc.  If  it  is  desired  to 
represent  compounds  of  the  same  elements  combined  in 
different  proportions,  use  is  made  of  small  figures  placed 
below  the  line,  as  in  the  symbols  SO2,  CO2,  H2SO4, 
etc.,  etc.  The  meaning  of  the  figures  is  simply  this  : 
In  the  compound  SO2  sulphur  and  oxygen  are  combined 
in  the  proportion  of  the  combining  weight  (32)  of 
sulphur  and  twice  the  combining  weight  ( 1 6)  of  oxygen, 
or  32  parts  of  sulphur  to  32  parts  of  oxygen,  which 
happens  to  be  the  same  as  i  part  of  one  to  i  part  of  the 
other.  The  symbol  H2SO4  represents  a  compound 
made  up  of  hydrogen,  sulphur,  and  oxygen  in  the  pro- 
portion twice  the  combining  weight  of  hydrogen  ( i ),  the 
combining  weight  of  sulphur  (32)  and  four  times  the 
combining  weight  ( 1 6)  of  oxygen  ;  or  2  parts  hydrogen, 
32  parts  sulphur,  and  64  parts  oxygen,  making  all 
together  98  parts  of  the  compound. 

PROBLEM. — How  much  sulphur  is  there  in  60  grams  of  the 
compound  H2SO4  (sulphuric  acid)  ?  How  much  oxygen  ?  How 
much  hydrogen  ? 


CHAPTER    V 

NITROGEN 

Occurrence  of  Nitrogen. — You  have  already 
learned  that  about  four-fifths  of  the  bulk  of  the  air  is 
nitrogen.  This  element  is  also  found  in  combination  in 
a  large  number  of  substances  in  nature.  It  is  found  in 
the  nitrates,  as  saltpetre  or  potassium  nitrate,  KNO3, 
and  Chili  saltpetre  or  sodium  nitrate,  NaNO3.  It  is 
also  found  in  the  form  of  ammonia,  which  is  a  compound 
of  nitrogen  and  hydrogen  of  the  formula  NH3.  Am- 
monia occurs  in  small  quantity  in  the  air,  and  is  formed 
under  a  variety  of  conditions,  which  will  be  referred  to 
when  the  substance  is  considered.  Nitrogen  occurs, 
further,  in  most  animal  substances  in  chemical  com- 
bination. 

Preparation  of  Nitrogen. — The  most  convenient 
way  to  prepare  nitrogen  is  to  burn  a  piece  of  phosphorus 
in  a  bell-jar  over  water.  The  reasons  why  phosphorus  is 
better  for  the  purpose  than  most  other  substances  are 
(i)  because  it  burns,  that  is  combines  with  oxygen, 
easily ;  and  (2)  because  the  compound  which  it  forms 
with  oxygen  (the  product  of  combustion)  is  a  solid  and 
dissolves  in  water.  If  the  product  of  combustion  were 
a  gas  this  would  remain  mixed  with  the  nitrogen  after 
the  combustion. 

EXPERIMENT  27. — Place  a  wide-mouthed  jar  over  water  in 
a  larger  vessel  of  water.  In  the  middle  of  a  flat  cork  about 
three  inches  in  diameter  fasten  a  small  porcelain  crucible,  and 
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float  this  on  the  water  in  the  trough.  Put  in  it  a  piece  of 
phosphorus  about  twice  the  size  of  a  pea,  and  set  fire  to  the 
phosphorus.  Quickly  place  the  jar  over  it  on  a  support  which 
will  prevent  the  jar  from  sinking  more  than  an  inch  or  two  in 
the  water.  At  first  some  air  will  be  driven  out  of  the  vessel 
on  account  of  the  expansion  due  to  the  heat.  After  the  burning 
has  stopped  cover  the  mouth  of  the  jar  with  a  glass  plate  and 
turn  it  mouth  upward.  Try  the  effect  of  introducing  success- 
ively several  burning  bodies  into  the  nitrogen,  as,  for  example, 
a  candle,  a  piece  of  sulphur,  phosphorus,  etc. 

Other  Substances  besides  Phosphorus  may 
be  Used. — Anything  that  has  the  power  to  combine 
with  oxygen  may  be  used  in  the  preparation  of  nitrogen 
from  the  air.  Metallic  copper  is  convenient,  and  is  not 
unfrequently  used.  It  is  only  necessary  to  pass  air  over 
heated  copper,  when  the  metal  combines  with  oxygen, 
forming  the  solid  copper  oxide,  CuO,  leaving  the  nitrogen 
uncombined. 

Properties  of  Nitrogen. — You  have  seen  that 
nitrogen  is  a  colourless,  tasteless,  inodorous  gas.  It  does 
not  support  combustion,  nor  does  it  burn.  [Suppose 
nitrogen  were  combustible,  what  would  be  the  com- 
position of  the  atmosphere  ?]  Nitrogen  not  only  does 
not  combine  with  oxygen  readily,  but  it  does  not  com- 
bine with  any  other  element  easily  except  at  a  very  high 
temperature,  and  then  with  only  a  few.  Just  as  it  does 
not  support  combustion,  so  also  it  does  not  support 
breathing.  An  animal  would  die  in  it,  not  on  account 
of  any  active  poisonous  properties  possessed  by  it,  but 
for  lack  of  oxygen.  In  the  air  it  serves  the  useful  pur- 
pose of  diluting  the  oxygen.  If  the  air  consisted  only  of 
oxygen,  all  processes  of  combustion  would  certainly  be 
much  more  active  than  they  now  are.  What  the  effect 
on  animals  of  the  continued  breathing  of  oxygen  would 
be  it  is  difficult  to  say,  as  but  few  experiments  on  this 
subject  have  been  made. 

Nitrogen  and  Oxygen  are  Mixed  together, 
not  Chemically  Combined  in  the  Air. — It  is  not 
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an  easy  matter  to  prove  this  statement  satisfactorily,  but 
the  evidence  is  so  strong  that  no  chemist  doubts  it 

(1)  If  nitrogen  and  oxygen  are  mixed  together,  the 
mixture  acts  just  like  air.     When  they  are  mixed  there 
is   nothing   to   show   that   chemical  action   takes    place. 
You  have  seen  that  the  combination  of  two  substances 
gives  rise  to  heat.    When  nitrogen  and  oxygen  are  mixed 
together  there  is  no  change  in  the  temperature  of  the 
gases. 

(2)  Substances  known  to  be  chemical  compounds  do 
not   vary  in   composition  ;     that    of  the    air   does    vary 
slightly. 

(3)  Air  dissolves  somewhat  in  water.      If  air  which 
has  been  thus  dissolved  be  pumped  out  and  analysed,  it 
is  found  to  have  a  composition  different  from  that  of 
ordinary  air.      Instead  of  containing  I  volume  of  oxygen 
to  4  volumes  of  nitrogen,   it  will  contain    I    volume  of 
oxygen    to    1.87    volumes    of  nitrogen.       The    relative 
quantity  of  oxygen  is  much  larger  in  air  which  has  been 
dissolved  in  water  than  in  ordinary  air.      This  is  due  to 
the  fact  that  oxygen  dissolves  more  readily  in  water  than 
nitrogen   does.       If  the  gases   were   in   chemical   com- 
bination the  compound  would  probably  dissolve  without 
change  of  composition. 

Summary. — The  air  consists  of  nitrogen  and  oxygen 
in  the  proportion  of  4  volumes  of  the  former  to  I  volume 
of  the  latter.  Oxygen  supports  combustion  ;  nitrogen 
does  not.  Oxygen  supports  respiration;  nitrogen  does 
not.  Oxygen  and  nitrogen  are  elements.  They  are 
not  chemically  combined  in  the  air.  Oxygen  is  made 
by  heating  substances  which  contain  it,  as,  for  example, 
mercury  oxide  and  potassium  chlorate.  Nitrogen  is 
made  by  burning  phosphorus  in  a  closed  vessel  con- 
taining air. 

Elements  combine  in  definite  proportions  by  weight 
(law  of  definite  proportions). 

In  each  element  a  number  may  be  selected  by  means 
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of  which  the  proportion  by  weight  in  which  it  enters  into 
combination  may  be  expressed  (combining  weights). 

If  an  element  combines  with  another  in  more  than  one 
proportion,  the  quantities  which  enter  into  combination 
with  a  fixed  quantity  of  the  second  element  bear  a  simple 
ratio  to  one  another  (law  of  multiple  proportions). 


CHAPTER    VI 


WATER 

Occurrence  of  "Water  in  Nature. — The  wide 
distribution  of  water  on  the  earth  is  familiar  to  every  one. 
But  water  also  occurs  in  forms  and  conditions  which 
prevent  it  from  being  easily  recognised.  Thus,  all  living 
things  contain  a  large  proportion  of  water,  which  can  be 
driven  off  by  heat.  If  a  piece  of  wood  or  a  piece  of 
meat  be  heated,  water  passes  off. 

EXPERIMENT  28. — In  a  dry  tube  heat  gently  a  small  piece  of 
wood.  What  evidence  do  you  obtain  that  water  is  given  off? 
Do  the  same  thing  with  a  piece  of  fresh  meat. 

Large  Proportion  of  "Water  in  Animal  and 
Vegetable  Substances. — The  proportion  of  water  in 
animal  and  vegetable  substances  is  very  great.  If  the 
body  of  a  man  weighing  150  pounds  were  put  into  an 
oven  and  thoroughly  dried  there  would  be  left  only 
about  50  pounds  of  solid  matter,  all  the  rest  being  water. 
As  all  meat,  vegetables,  and  food-stuffs  in  general  con- 
tain a  similar  large  proportion  of  water,  it  is  evident 
that  water  is  an  important  article  of  commerce.  When 

)u  buy  four  pounds  of  beef  you  pay  for  about  three 
)ounds  of  water  and  one  pound  of  solid  matter. 

Water  of  Crystallisation. — Many  chemical  com- 

>unds  when  deposited  from  solutions  in  water  often 
ippear  in  regular  forms  called  crystals.  These  fre- 
quently enclose  water  in  chemical  combination,  and  this 

iter  is  necessary  in  order  that  the  substance  may  exist 
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in  the  form  of  crystals.     Water  thus  held  in  combination 
is  called  water  of  crystallisation. 

EXPERIMENT  29. — Dissolve  some  ordinary  alum  in  water 
(6-8  ounces  alum  to  200  c.cm.  water)  by  the  aid  of  heat. 
Filter  through  a  plaited  filter  and  allow  the  filtered  solution  to 
cool.  Crystals  of  alum  will  be  deposited.  Pour  off  the  liquid 
above  and  place  a  few  of  the  crystals  on  a  piece  of  dry  filter- 
paper.  After  the  water  is  all  absorbed  from  them  and  they 
appear  dry,  put  them  in  a  dry  test-tube  and  heat  gently.  What 
evidence  have  you  that  water  is  contained  in  the  crystals  ? 

EXPERIMENT  30. — Perform  a  similar  experiment  with  some 
gypsum,  which  is  the  natural  substance  from  which  "  plaster  of 
Paris  "  is  made. 

EXPERIMENT  31. — Heat  a  few  small  crystals  of  copper  sul- 
phate or  "blue  vitriol."  In  this  case  the  loss  of  water  is  accom- 
panied by  a  loss  of  colour.  After  all  the  water  is  driven  off  the 
powder  left  behind  is  white.  On  dissolving  it  in  water,  how- 
ever, the  solution  will  be  seen  to  be  blue  ;  and  if  this  solution 
be  evaporated  until  the  substance  is  deposited,  it  will  appear  in 
the  form  of  blue  crystals. 

Efflorescent  and  Deliquescent  Substances. — 
Some  substances  which  contain  water  of  crystallisation 
give  it  up  very  easily  when  exposed  to  the  air.  Such 
substances  are  called  efflorescent. 

EXPERIMENT  32. — Select  a  few  crystals  of  sodium  sulphate 
or  Glauber's  salt  which  have  not  lost  their  lustre.  Put  them  on 
a  watch-glass,  and  let  them  lie  exposed  to  the  air  for  an  hour  or 
two.  They  soon  lose  their  lustre,  and  become  white  and 
powdery  on  the  surface. 

Some  compounds  if  deprived  of  their  water  of  crys- 
tallisation will  take  it  up  again  when  allowed  to  lie  in 
an  atmosphere  containing  moisture.  Such  substances 
are  called  deliquescent.  As  the.  air  always  contains 
moisture,  it  is  only  necessary  to  expose  such  compounds 
to  the  air  in  order  to  notice  the  change.  It  is  well 
shown  by  the  compound  calcium  chloride,  CaCl2.  This 
substance  has  a  remarkable  power  of  attracting  water 
and  holding  it  in  combination. 
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EXPERIMENT  33. — Expose  a  few  pieces  of  calcium  chloride 
to  the  air.  Its  surface  will  soon  give  evidence  of  being  moist, 
and  after  a  time  the  substance  will  dissolve  in  the  water  which 
is  absorbed. 

Water  is  a  Compound. — That  water  is  a  com- 
pound and  not  an  element  can  be  shown  by  passing  an 
electric  current  through  it.  If  the  ends  of  the  wires 
connected  with  a  galvanic  battery  be  put  in  water  a  short 
distance  apart  it  will  be  noticed  that  bubbles  of  gas  rise 
from  each  wire.  As  these  gases  cannot  well  come  from 
the  wires,  the  most  probable  supposition  is  that  they  are 
formed  from  the  water. 

EXPERIMENT  34. — To  the  ends  of  the  copper  wires  con- 
nected with  two  cells  of  a  Bunsen's  or  Grove's  battery  fasten 
small  platinum  plates,  say  25  mm.  (i  inch)  long  by  12  mm.  (£ 
inch)  wide.  Insert  these  platinum  ends  into  water  contained  in 
a  shallow  glass  vessel  about  15  cm.  (6  inches)  wide  and  7  to  8 
cm.  (3  inches)  deep,  taking  care  to  keep  them  separated  from 
each  other.  No  action  will  take  place,  for  the  reason  that 
water  will  not  conduct  the  current,  and  hence  when  the  platinum 
ends  are  kept  apart  there  is  no  current.  By  adding  to  the 
water  one -tenth  its  own  volume  of  strong  sulphuric  acid  it 
acquires  the  power  to  conduct  the  current.  It  will  then  be 
observed  that  bubbles  rise  from  each  of  the  platinum  plates.  In 
order  to  collect  the  gases  the  apparatus  may  be  arranged  as 
shown  in  Fig.  n.  A  and  B  represent  glass  tubes  which  may 
conveniently  be  about  30  cm.  (i  foot)  long  and  25  mm.  (i  inch) 
internal  diameter.  They  should  be  marked  by  means  of  a  file, 
or  by  etching,  so  that  equal  divisions  can  be  recognised.  Tubes 
thus  marked  so  that  the  divisions  indicate  cubic  centimetres 
are  most  convenient,  and  are  easily  obtained  of  dealers  in 
chemical  apparatus.  The  tubes  are  first  filled  with  the  water 
containing  one -tenth  its  volume  of  sulphuric  acid,  and  then 
placed  with  the  mouth  under  water  in  the  vessel  C.  The 
platinum  plates  are  now  brought  beneath  the  inverted  tubes. 
The  bubbles  will  rise  in  them  and  displace  the  water.  Gradu- 
ally the  water  will  be  completely  forced  out  of  one  of  the  tubes, 
while  the  other  is  still  half  full  of  water.  The  substance  which 
we  have  thus  collected  in  each  of  the  tubes  is  an  invisible  gas. 
After  the  first  tube  is  full  of  gas,  remove  it  by  placing  your 
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thumb  over  the  mouth.     Turn  it  mouth  upward,  and  at  once 
apply  a  lighted  match  to  it.      A  flame  will  be  noticed.      The  gas 


FIG.  ii. 

burns.  Is  it  air  ?  Is  it  oxygen  ?  Is  it  nitrogen  ?  In  the 
meantime  the  second  tube  will  have  become  filled  with  gas. 
Remove  the  tube  in  the  same  way,  and  insert  a  thin  piece  of  wood 
with  a  spark  on  the  end.  Does  this  gas  act  like  oxygen  ?  The 
gas  collected  in  the  tube  which  first  became  filled  is  known  as 
hydrogen,  while  the  other  is  oxygen. 

"What  the  Experiment  Shows. — The  experiment 
just  performed  shows  that  when  an  electric  current  is 
passed  through  water  hydrogen  and  oxygen  are  obtained, 
and  also  that  there  is  obtained  twice  as  much  hydrogen 
by  bulk  as  oxygen.  Whether  these  are  the  only  ele- 
ments contained  in  water  can  only  be  shown  by  further 
experiments.  But  it  will  be  necessary  first  to  learn 
something  about  hydrogen. 


CHAPTER    VII 

HYDROGEN 

Occurrence  of  Hydrogen. — Hydrogen  is  found  in 
nature  very  widely  distributed,  and  in  large  quantity.  It 
forms  one-ninth  the  weight  of  waler,  and  is  contained  in 
all  the  principal  substances  which  enter  into  the  com- 
position of  plants  and  animals. 

Preparation  of  Hydrogen. — It  may  be  obtained 

(a)  By  decomposition  of  water  by  means  of  the 
electric  current ; 

(b}  By  decomposition  of  water  by  means  of  certain 
metals  ; 

(c)  By  the  action  of  substances  known  as  acids  on 
metals. 

The  first  method  has  already  been  illustrated  in 
Experiment  34. 

EXPERIMENT  35. — Throw  a  small  piece  of  sodium1  on 
water.  While  it  is  floating  on  the  surface  apply  a  lighted  match 
to  it.  What  takes  place  ?  The  flame  is  due  to  burning  hydro- 
gen, the  flame  being  coloured  yellow  by  the  presence  of  sodium, 
some  of  which  also  burns. 

EXPERIMENT  36. — Certain  metals  which  do  not  decompose 
water  at  ordinary  temperatures,  or  which  decompose  it  slowly, 
decompose  it  easily  at  elevated  temperatures.  This  is  true  of 
iron.  If  steam  be  passed  through  a  tube  containing  pieces  of 

1  The  metals  sodium  and  potassium  are  kept  under  kerosene  oil.  When  a 
small  piece  is  wanted,  take  out  one  of  the  larger  pieces  from  the  bottle, 
roughly  wipe  off  the  oil  with  filter-paper,  and  cut  off  a  piece  the  size  needed. 
It  is  not  advisable  to  use  a  piece  larger  than  a  pea. 
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iron  turnings  or  fine  bright  iron  wire  heated  to  redness,  the 
water  is  decomposed,  the  oxygen  is  retained  by  the  iron  in 
chemical  combination,  while  the  hydrogen  is  liberated.  In  this 
experiment  a  porcelain  tube  with  an  internal  diameter  of  from 
20  to  25  mm.  (about  an  inch)  and  a  gas-furnace  are  desirable, 
though  a  hard  glass  tube  and  a  charcoal-furnace  will  answer. 
The  arrangement  of  the  apparatus  is  shown  in  Fig.  12. 


FIG.  12. 

Water-gas.  —  Many  other  substances  have  the  power 
to  decompose  water  and  set  hydrogen  free.  The  fact 
that  a  combustible  gas  can  be  obtained  from  water  has 
led  to  many  attempts  to  manufacture  gas  for  heating  and 
illuminating  purposes  from  water.  There  is,  however, 
no  cheap  substance  which  has  the  power  to  decompose 
water  at  ordinary  temperatures.  Heat  must  be  used, 
and  it  is  generally  the  case  that  the  quantity  of  heat 
required  to  effect  the  decomposition  is  greater  than  that 
which  would  be  obtained  by  burning  the  hydrogen 
formed.  The  so-called  "water-gas"  now  so  extensively 
manufactured  in  the  United  States  both  for  illuminating 
and  heating  is  made  by  the  action  of  highly  heated  hard 
coal  on  steam.  The  essential  part  of  the  chemical 
reaction  is  represented  by  the  equation 


Carbon  (or  coal)  acting  upon  the  water  (H2O)  combines 
with  the  oxygen,  forming  the  compound  carbon  monoxide, 
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CO,  and  leaving  the  hydrogen  uncombined.  Both  pro- 
ducts are  gases,  and  both  burn  ;  and  when  this  mixture 
is  enriched  by  some  of  the  oils  obtained  from  petroleum 
it  burns  well  and  gives  a  good  light. 

The  Common  Acids. — Hydrogen  is  most  conveni- 
ently made  in  the  laboratory  by  treating  a  metal  with  an 
acid.  As  will  be  seen  later,  acids  are  substances  which 
contain  hydrogen,  and  which  give  up  this  hydrogen  very 
easily  and  take  up  other  elements  in  the  place  of  it. 
Among  the  common  acids  found  in  every  laboratory  are 
hydrochloric  acid,  sulphuric  acid,  and  nitric  acid.  These 
compounds  will  be  considered  in  due  time. 

Hydrogen  is  Generally  Given  off  'when  a 
Metallic  Element  Acts  upon  an  Acid. — This  is 
shown  as  follows  : — 

EXPERIMENT  37. — In  a  cylinder  or  test-tube  put  some  small 
pieces  of  granulated  zinc,  and  pour  upon  it  enough  ordinary 
hydrochloric  acid  to  cover  it.  What  do  you  notice  ?  After  the 
action  has  continued  for  a  minute  or  two  apply  a  lighted  match 
to  the  mouth  of  the  vessel.  What  takes  place  ?  Try  the  same 
experiment  with  sulphuric  acid  diluted  with  six  times  its  volume 
of  water.1  What  is  the  result  ?  The  gas  given  off  is  hydrogen. 
For  the  purpose  of  collecting  it  the  operation  is  best  performed 
in  a  bottle  with  two  necks  called  a  Wolff's  flask  (see  Fig.  13), 
or  in  a  wide-mouthed  bottle  in  which  is  fitted  a  cork  with  two 
holes  (see  Fig.  14).  Through  one  of  the  holes  passes  a  funnel- 
tube,  and  through  the  other  a  glass  tube  bent  in  a  convenient 
form.  Put  a  small  handful  of  granulated  zinc  into  the  bottle 
and  pour  upon  it  enough  of  a  cooled  mixture  of  sulphuric  acid 
and  water  (i  volume  concentrated  acid  to  6  volumes  of  water) 
to  cover  it.  Usually  a  brisk  evolution  of  gas  will  take  place  at 
once.  Wait  two  or  three  minutes,  and  then  collect  some  of  the 
gas  by  displacement  of  water.  Should  the  action  become  slow 
add  a  little  more  of  the  dilute  acid.  It  will  be  well  to  fill 
several  cylinders  and  bottles  with  the  gas. 

1  If  it  is  desired  to  dilute  ordinary  concentrated  sulphuric  acid  with  water, 
the  acid  should  be  poured  slowly  into  the  water  while  the  mixture  is  con- 
stantly stirred.  If  the  water  is  poured  into  the  acid,  the  heat  evolved  at  the 
places  where  the  two  come  in  contact  may  be  so  great  as  to  convert  the 
water  into  steam  and  cause  the  strong  acid  to  spatter. 
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Physical  Properties  of  Hydrogen. — Hydrogen 
is  a  colourless,  inodorous,  tasteless  gas.  Made  by  the 
action  of  zinc  on  acids,  it  has  a  slightly  disagreeable 
odour.  This  is  due  to  the  presence  of  small  quantities  of 
impurities.  If  these  be  removed  the  odour  disappears. 

EXPERIMENT  38. — Pass  some  of  the  gas  through  a  solution 
of  potassium  permanganate ;  collect  some  of  it,  and  notice 
whether  it  has  an  odour.  The  apparatus  should  be  arranged  as 


FIG.  13.  FIG.  14. 

shown  in  Fig.  15.  The  solution  of  potassium  permanganate  is, 
of  course,  contained  in  the  small  cylinder,  A,  and  the  tubes  so 
arranged  that  the  gas  bubbles  through  it. 

The  gas  is  not  poisonous,  and  may  therefore  be  in- 
haled with  impunity.  We  could  not,  however,  live  in  an 
atmosphere  of  hydrogen,  as  we  must  have  oxygen.  //  is 
the  lightest  substance  known,  being  fourteen  and  a  half 
times  lighter  than  air  and  sixteen  times  lighter  than  oxygen. 

EXPERIMENT  39. — Place  a  vessel  containing  hydrogen  with 
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the  mouth  upward  and  uncovered.     In  a  short  time  examine 
the  gas  and  see  whether  it  is  hydrogen. 


FIG.  15. 

EXPERIMENT  40. — Gradually  bring  a  vessel  containing 
hydrogen  with  its  mouth  up- 
ward below  an  inverted  vessel 
containing  air,  in  the  way 
shown  in  Fig.  16.  The  air 
will  be  displaced.  On  ex- 
amination, the  inverted  ves- 
sel will  be  found  to  contain 
hydrogen,  while  the  one  with 
the  mouth  upward  will  con- 
tain none.  The  gas  is  thus 
poured  upward. 

EXPERIMENT  41. — Soap-bubbles  filled  with  hydrogen  rise 
in  the  air.  The  experiment  is  best  performed  by  connecting  an 
ordinary  clay  pipe  by  means  of  a  piece  of  rubber  tubing 
with  the  exit -tube  of  a  gasometer  filled  with  hydrogen. 
Small  balloons  of  collodion  are  also  made  for  showing  the  light- 
ness of  hydrogen.  Large  balloons  are  always  filled  with 


FIG.  16. 
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hydrogen  or  some  other  light  gas.  Some  kinds  of  illuminating- 
gas  are  rich  in  hydrogen,  and  may  therefore  be  used  for  the 
purpose. 

"Weight  of  Hydrogen  Compared  with  that  of 
Oxygen. — A  litre  of  hydrogen  at  o°  C.  and  under  the 
pressure  of  the  atmosphere  weighs  0.089578  gram.  A 
litre  of  oxygen  under  the  same  conditions  weighs  1.429 
grams.  These  figures  are  to  each  other  as  i  to  16. 
But  the  figures  I  and  16  are  the  combining  weights  of 
hydrogen  and  oxygen ;  that  is  to  say,  they  are  the 
figures  best  adapted  to  expressing  the  relative  weights  of 
these  elements  which  enter  into  combination.  A  similar 
connection  exists  between  the  relative  weights  of  equal 
volumes  of  some  other  elementary  gases  and  their  com- 
bining weights,  as  will  be  seen  later. 

All  Combining  Weights  are  Referred  to  that 
of  Hydrogen. — The  figures  called  the  combining 
weights  express  the  relations  between  the  weights  of  the 
different  elements  which  enter  into  combination.  When 
we  say  that  the  combining  weight  of  hydrogen  is  i  and 
that  of  oxygen  is  1 6,  we  mean  that  the  weight  of  oxygen 
which  generally  enters  into  combination  is  sixteen  times 
as  great  as  the  weight  of  hydrogen  which  enters  into 
combination.  The  figures  2  and  32  would  express  this 
relation  just  as  well;  so  would  6J  and  100  ;  but  the 
simplest  figures  which  can  be  used  are  i  for  hydrogen 
and  1 6  for  oxygen.  Having  adopted  these,  all  other 
combining  weights  are  referred  to  these. 

Hydrogen  a  Liquid. — At  a  very  low  temperature 
and  high  pressure  hydrogen  becomes  liquid. 

Chemical  Properties  of  Hydrogen.  —  Under 
ordinary  circumstances  hydrogen  is  not  a  particularly 
active  element.  It  does  not  unite  with  oxygen  at  ordinary 
temperatures,  but,  like  wood  and  most  other  combustible 
substances,  needs  to  be  heated  up  to  the  kindling  tem- 
perature before  it  will  burn.  You  have  seen  that  it  burns 
if  a  lighted  match  be  applied  to  it.  The  flame  is 
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colourless,  or  very  slightly  blue.  As  burned  under 
ordinary  circumstances  the  flame  is  coloured,  in  con- 
sequence of  the  presence  of  foreign  substances  ;  but  that 
it  is  colourless  when  the  gas  is  burned  alone  can  be 
shown  by  burning  it  from  a  platinum  tube,  which  is 
itself  not  acted  upon  by  the  heat. 

EXPERIMENT  42. — If  there  is  no  small  platinum  tube  avail- 
able, roll  up  a  small  piece  of  platinum-foil  and  melt  it  into  the 
end  of  a  glass  tube,  as  shown  in  Fig.  1 7.  Connect  the  burner 
thus  made  with  a  bottle  or 
gasometer  containing  hydro- 
gen, and  after  the  gas  has 
been  allowed  to  issue  from 
it  for  a  moment1  set  fire  to 

it.      In  a  short  time  it  will  —-an^,^——— _____.__._. 
be   seen    that    the    flame   is  E 
practically      colourless    and 
gives  no  light.     That  it  is  FlG-  I7' 

hot  is  shown  by  holding  a  piece  of  platinum  wire  or  a  piece  of 
some  other  metal  in  it. 

The  Burning  of  Hydrogen. — Hydrogen  burns. 
You  have  already  learned  that  burning  consists  in  com- 
bining with  oxygen.  On  the  other  hand,  substances 
which  burn  in  the  air  are  extinguished  when  put  in  a 
vessel  containing  hydrogen.  This  is  the  same  as  saying 
that  a  body  which  is  combining  with  oxygen  does  not 
continue  to  combine  with  oxygen  when  it  is  put  in  an 
atmosphere  of  hydrogen,  and  does  not  combine  with 
hydrogen.  This  is  expressed  by  saying  that  hydrogen 
does  not  support  combustion. 

EXPERIMENT  43. — Hold  a  wide-mouthed  bottle  or  cylinder 
filled  with  hydrogen  with  the  mouth  downward.  Insert  into 

1  Always  be  cautious  in  working  with  hydrogen.  The  danger  consists  in 
the  fact  that  a  mixture  of  hydrogen  and  oxygen  or  hydrogen  and  air  is  ex- 
tremely explosive.  It  requires  a  flame  or  spark  to  explode  it.  Always  let 
the  gas  escape  for  a  time,  and  collect  a  test-tube  full  and  light  to  see  if  it  will 
burn  quietly,  before  applying  a  flame  to  it. 
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the  vessel  a  lighted  taper  held  on  a  bent  wire,  as  shown  in  Fig. 
1 8.  The  gas  takes  fire  at  the  mouth  of  the  vessel,  but  the 
taper  is  extinguished.  On  withdrawing  the  taper  and  holding 
the  wick  for  a  moment  in  the  burning  hydrogen,  it  will  take 
fire,  but  on  putting  it  back  in  the  hydrogen  it  will  be  again  ex- 
tinguished. Other  burning  substances  should  be  tried  in  the 
same  way. 


FIG.  18. 


CHAPTER    VIII 
WATER  (Continued) 

Composition  of  "Water. — In  Chapter  VI.  you 
learned  that  hydrogen  and  oxygen  are  both  set  free 
when  an  electric  current  is  passed  through  water.  It 
remains  to  be  seen  whether  these  are  the  only  elements 
contained  in  water.  If  water  consists  only  of  hydrogen 
and  oxygen,  then  when  these  elements  combine  water 
should  be  formed.  But  when  hydrogen  burns  it  com- 
bines with  oxygen.  Is  water  formed  when  hydrogen 
burns  ? 

EXPERIMENT  44. — Pass  hydrogen  from  a  generating-flask 
or  a  gasometer  through  a  tube  containing  some  substance  that 


A  FIG.  19. 

will  absorb  moisture,    for  all  gases  collected   over  water  are 
charged  with  moisture.      You  have  seen  in  Experiment  33  that 
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calcium  chloride  has  the  power  to  absorb  moisture.  It  is  ex- 
tensively used  in  the  laboratory  for  the  purpose  of  drying  gases, 
and  it  may  be  used  in  the  present  experiment.  It  should  be  in 
small  pieces  about  the  size  of  a  pea,  not  powdered.  After 
passing  the  hydrogen  through  the  calcium  chloride,  pass  it 
through  a  tube  ending  in  a  narrow  opening  and  set  fire  to  it. 
(Take  the  precaution  mentioned  in  the  footnote,  page  51.)  If 
now  a  dry  vessel  be  held  over  the  flame,  drops  of  water  will 
condense  on  its  surface  and  run  down.  A  convenient  arrange- 
ment of  the  apparatus  is  shown  in  Fig.  19.  A  is  the  calcium 
chloride  tube.  Before  lighting  the  jet  hold  a  glass  plate  in  the 
escaping  gas,  and  see  whether  water  is  deposited  on  it.  Light 
the  jet  before  putting  it  under  the  bell-jar ;  otherwise,  if  hydrogen 
is  allowed  to  escape  into  the  vessel  it  will  contain  a  mixture  of 
air  and  hydrogen,  and  this  mixture  is  explosive. 

Hydrogen  and  Oxygen  do  not  Combine  at 
the  Ordinary  Temperature. — If  they  did,  hydrogen 
would  take  fire  the  moment  it  comes  in  contact  with  the 
air.  If  we  mix  the  gases  together  and  allow  the  mixture 
to  stand  unmolested,  it  remains  unchanged.  If,  however, 
we  should  bring  a  spark  or  a  flame  in  contact  with  the 
mixture  a  violent  explosion  would  occur,  and  a  careful 
examination  would  show  that  the  explosion  is  caused  by 
the  combination  of  the  two  gases.  The  combination 
causes  heat.  The  heat  causes  the  gases  to  expand 
greatly  and  suddenly,  and  the  noise  is  caused  by  this 
sudden  expansion.  The  expansion  is  followed  by  a  con- 
traction. 

EXPERIMENT  45. — Mix  hydrogen  and  oxygen  in  the  pro- 
portion of  about  2  volumes  of  hydrogen  to  I  volume  of  oxygen 
in  a  gasometer  or  large  bottle.  Fill  soap-bubbles,  made  as 
directed  in  Experiment  41,  with  this  mixture  and  allow  them  to 
rise  in  the  air.  As  each  one  rises  bring  a  lighted  taper  in  con- 
tact with  it,  when  a  sharp  explosion  will  occur.  Great  care 
must  be  taken  to  keep  all  flames  away  from  the  vicinity  of  the 
vessel  containing  the  mixture. 

Measuring  the  Volumes  of  Hydrogen  and 
Oxygen  •which  Combine  to  Form  Water. — The 
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last  experiment  simply  showed  that  when  a  flame  comes 
in  contact  with  a  mixture  of  hydrogen  and  oxygen  an 
explosion  occurs.  To  show  what  else  takes  place  the 
experiment  must  be  performed  in  a  closed  vessel.  This 
experiment  has  been  performed  many  times.  As  it 
would  be  difficult  for  you  to  repeat  it  you  will  have  to 
be  satisfied  with  a  description  of  the  apparatus  used  and 
a  statement  of  the  result  obtained.  A  tube  is 
used  which  is  marked  on  the  outside  so  that 
the  volume  of  gases  contained  in  it  can  be  seen, 
and  has  two  small  platinum  wires  passed  through 
it  at  the  closed  end,  nearly  meeting  inside  and 
ending  in  loops  outside,  as  shown  in  Fig.  20.  It 
is  called  a  eudiometer.  It  is  filled  with  mercury 
and  inverted  in  a  trough  containing  mercury.  A 
quantity  of  pure  hydrogen  is  now  passed  up  into 
the  tube  and  its  volume  accurately  measured. 
Then  just  half  this  volume  of  oxygen  is  intro- 
duced, and  after  the  mixture  has  stood  for  a  few 
minutes,  so  that  the  gases  can  become  thoroughly 
mixed,  an  electric  spark  is  passed  between  the 
wires  inside  the  tube  by  connecting  the  loops  with 
the  poles  of  a  small  RuhmkorfF  coil  or  with  a 
Leyden  jar.  The  explosion  takes  place  noise- 
lessly and  with  very  little  danger.  If  the  interior 
of  the  tube  was  dry  before  the  explosion,  it  will 
be  seen  to  be  moist  afterwards.  The  liquid  FIG.  20. 
water  which  is  formed  occupies  almost  no  space  as  com- 
pared with  the  space  occupied  by  the  two  gases  before 
combination.  Now,  if  the  experiment  be  performed 
with  the  two  gases  in  different  proportions,  it  will  be 
found  that  only  when  they  are  mixed  in  the  proportion 
of  two  volumes  of  hydrogen  to  one  volume  of  oxygen  do 
they  completely  disappear  when  exploded.  If  there  is  a 
larger  proportion  of  hydrogen  present,  the  excess  is  left 
over.  If  there  is  a  larger  proportion  of  oxygen  present, 
the  excess  of  oxygen  is  left  over.  Thus  it  is  shown  that 
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when  hydrogen  and  oxygen  combine  to  form  water,  they 
do  so  in  the  proportion  of  two  volumes  of  hydrogen  to 
one  volume  of  oxygen. 

Formation  of  Water  by  Passing  Hydrogen 
over  Heated  Oxides.  —  Water  may  be  formed  by 
passing  hydrogen  over  a  compound  containing  oxygen 
and  heating.  A  convenient  substance  for  the  purpose  is 
the  compound  of  copper  and  oxygen  known  as  copper 
oxide  or  black  oxide  of  copper.  It  contains  its  elements 
in  the  proportion  represented  by  the  formula  CuO.  At 
ordinary  temperature  hydrogen  does  not  act  upon  this 
substance.  At  a  high  temperature  the  hydrogen  com- 
bines with  the  oxygen,  forming  water,  and  the  copper  is 
left  behind  as  such.  The  reaction  is  represented  thus  : 


EXPERIMENT  46.  —  Arrange  an  apparatus  as  shown  in  Fig. 


FIG.  21. 

21.  A  is  a  Wolff's  flask  for  making  hydrogen.  To  remove 
impurities  the  gas  is  passed  through  a  solution  of  potassium 
permanganate  contained  in  the  wash-cylinder  B.  The  cylinder 
C  contains  concentrated  sulphuric  acid,  and  the  U-shaped  tube 
D  contains  granulated  calcium  chloride,  both  of  them  serving 
to  remove  moisture  from  the  gas.  The  pure  dry  hydrogen  is 
now  passed  through  the  hard  glass  tube  £,  which  contains  a 
layer  of  copper  oxide.  After  the  apparatus  is  filled  with 
hydrogen  the  burner  under  E  is  lighted,  and  the  copper  oxide 
heated  to  low  redness.  Soon  moisture  will  be  seen  in  the  end 
of  the  tube  and  drops  of  water  will  collect  in  the  vessel  G. 

How  this  Experiment  Shows  the  Composition 
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of  "Water. — The  copper  oxide  loses  its  oxygen  and  of 
course  loses  weight.  If,  therefore,  you  should  weigh  the 
copper  oxide  before  the  experiment,  and  afterward  the 
copper,  and  should  also  collect  and  weigh  the  water 
formed,  you  could  from  the  figures  obtained  easily 
calculate  the  relative  weight  of  oxygen  contained  in 
water,  thus  : 

Let  x  =  weight  of  tube  +  copper  oxide  before  the  experiment ; 

y  =  weight  of  tube  +  copper  after  the  experiment. 
Then  x  —  y  —  weight  of  oxygen  taken  from  the  copper  oxide. 

The  water  formed  is  collected  in  a  small  tube  contain- 
ing calcium  chloride. 

Let  a  —  weight  of  calcium  chloride  tube  before  ; 

b  =  weight  of  calcium  chloride  tube  after. 
Then  b  —  a  =  weight  of  water  formed. 

If  the  experiment  is  carefully  performed,  it  will  be 

J£     -I/ 

found  that  - —  -  is  very  nearly  equal  to  -f,  which  means 

that  by  weight  oxygen  forms  eight-ninths  of  water. 

Oxidation  and  Beduction. — Any  substance  which 
like  hydrogen  has  the  power  to  abstract  oxygen  from 
compounds  containing  it  is  called  a  reducing  agent. 
The  process  of  abstracting  oxygen  from  a  compound  is 
called  reduction.  Reduction  and  oocidation  are  opposite 
processes. 

Applications  of  the  Heat  Evolved  by  the 
Combination  of  Hydrogen  and  Oxygen. — The 
heat  evolved  when  hydrogen  combines  with  oxygen  is 
very  great,  and  it  is  utilised  for  various  purposes.  To 
burn  hydrogen  in  the  air  is,  as  we  have  seen,  a  simple 
matter,  but  to  burn  it  in  oxygen  requires  a  special 
apparatus  to  prevent  the  mixing  of  the  gases  before  they 
reach  the  end  of  the  tube  where  the  combustion  takes 
place.  The  oxyhydrogen  blow-pipe  answers  this  pur- 


58  THE  ELEMENTS  OF  CHEMISTRY          CHAP. 

pose.      It  is  simply  a  tube  with  a  smaller  tube  passing 
through  it,  as  shown  in  Fig.  22. 


FIG.  22. 


The  hydrogen  is  admitted  through  a  and  the  oxygen 
through  b.  It  will  be  seen  that  they  come  together  only 
at  the  end  of  the  tube.  The  hydrogen  is  first  passed 
through  and  lighted ;  then  the  oxygen  is  passed  through 
slowly,  the  pressure  being  increased  until  the  flame  ap- 
pears thin  and  straight.  It  gives  very  little  light,  but  it 
is  intensely  hot. 

EXPERIMENT  47. — Hold  in  the  flame  of  the  oxyhydrogen 
blow-pipe  successively  a  piece  of  iron  wire,  a  piece  of  a  steel 
watch-spring,  a  piece  of  copper  wire,  a  piece  of  zinc,  a  piece  of 
platinum  wire. 

The  Oxyhydrogen  Blow-pipe  Used  in  "Working 
Platinum. — The  metal  platinum  is  used  for  many  pur- 
poses, particularly  for  making  chemical  apparatus.  The 
vessels  are  made  from  molten  platinum,  and  the  metal  is 
melted  by  means  of  the  oxyhydrogen  blow-pipe. 

The  Lime-light  or  Drummond  Light. — When 
the  flame  of  the  oxyhydrogen  blow-pipe  is  made  to  strike 
against  some  substance  which  it  cannot  melt  nor  burn  up, 
the  substance  becomes  heated  so  high  that  it  gives  off 
intense  light.  The  substance  commonly  used  is  quick- 
lime. Hence  the  light  is  generally  called  the  lime- 
light. It  is  also  known  as  the  Drummond  light. 

EXPERIMENT  48. — Cut  a  piece  of  lime  of  convenient  size 
and  shape,  say  an  inch  long  by  three  quarters  of  an  inch  wide 
and  the  same  thickness.  Fix  it  in  position  so  that  the  flame 
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of  the  oxyhydrogen  blow-pipe  will  strike  upon  it.  The 
light  is  very  bright,  but  by  no  means  as  intense  as  the  electric 
light. 

Properties  of  "Water. — Though,  as  we  know,  water 
is  widely  distributed  over  the  earth,  we  never  find  it  per- 
fectly pure.  All  natural  waters  contain  foreign  substances 
in  solution.  These  substances  are  taken  up  from  the 
air  or  from  the  earth.  Pure  water  is  tasteless  and 
inodorous.  In  thin  layers  it  is  colourless,  but  in  thick 
layers  it  is  blue.  This  has  been  shown  in  the  laboratory 
by  filling  a  long  tube  with  distilled  water.  When  looked 
through  it  appears  blue.  The  beautiful  blue  colour  of 
some  mountain  lakes  is  the  natural  colour  of  pure  water. 

On  cooling  water  contracts  until  it  reaches  the 
temperature  of  4°  C.  At  this  point  it  has  its  maximum 
density.  When  cooled  below  4°  it  expands,  and  the 
specific  gravity  of  ice  is  somewhat  less  than  that  of 
water.  Hence  ice  floats  on  water. 

Natural  "Waters. — The  purest  water  found  in  nature 
is  rain-water,  particularly  that  which  falls  after  it  has 
rained  for  some  time.  That  which  first  falls  always  con- 
tains impurities  from  the  air.  As  soon  as  the  rain-water 
comes  in  contact  with  the  earth  and  begins  its  course 
toward  the  sea  it  begins  to  take  up  various  substances, 
according  to  the  character  of  the  soil  with  which  it  comes 
in  contact.  Mountain  streams  which  flow  over  rocky 
beds,  particularly  beds  of  sandstone,  which  is  very 
insoluble  in  water,  contain  exceptionally  pure  water. 
Streams  which  flow  over  limestone  dissolve  some  of  the 
stone,  and  the  water  becomes  "  hard."  The  many 
varieties  of  mineral  springs  have  their  origin  in  the  pre- 
sence in  the  earth  of  certain  substances  which  are 
soluble  in  water.  Common  salt  occurs  in  large  quanti- 
ties in  different  parts  of  the  earth.  As  it  is  easily 
soluble  in  water,  many  streams  contain  it ;  and  as  all 
the  streams  find  their  way  into  the  ocean,  you  see  one 
reason  why  the  water  of  the  ocean  is  salt. 
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Effervescent  "Waters  are  such  as  contain  some 
gas,  usually  carbonic-acid  gas,  in  solution  and  give  up  a 
part  of  it  when  placed  in  open  vessels. 

Chalybeate  "Waters  contain  some  compound  of 
iron. 

Sulphur-water  contains  a  compound  of  hydrogen 
and  sulphur,  called  hydrogen  sulphide  or  sulphuretted 
hydrogen  (which  see). 

Impure  Waters. — As  streams  approach  the  habita- 
tions of  man  they  are  likely  to  become  contaminated. 
The  drainage  from  the  neighbourhood  of  human  dwell- 
ings is  very  apt  to  find  its  way  into  a  near  stream. 
This  condition  of  things  is  most  strikingly  illustrated  by 
the  case  of  a  large  town  situated  on  the  banks  of  a  river. 
It  frequently  happens  that  the  water  of  the  river  is  used 
for  drinking  purposes,  and  it  also  frequently  happens  that 
the  water  is  contaminated  by  drainage.  Water  when 
once  contaminated  by  drainage  tends  to  become  pure 
again  by  contact  with  the  air  in  consequence  partly  of 
the  action  of  the  oxygen.  Hence  river- water  may  be- 
come fit  for  use  after  having  been  impure.  If  it  is  to  be 
used  for  drinking  purposes,  however,  it  is  not  well  to 
rely  too  much  upon  this  process  of  purification. 

"Wells  should  not  be  dug  too  near  dwellings  and 
farm-houses,  as  the  drainage  may  find  its  way  into  them 
beneath  the  surface  of  the  earth.  This  is  a  frequent 
source  of  danger,  as  some  diseases  are  communicated 
from  one  person  to  another  by  means  of  contaminated 
drinking-water. 

Distillation. — Water  may  be  purified  by  means  of 
distillation.  This  consists  in  boiling  the  water,  and  then 
condensing  the  vapour  by  passing  it  through  a  tube  which 
is  kept  cool  by  surrounding  it  with  cold  water.  By 
means  of  distillation  most  substances  in  solution  in 
water  can  be  got  rid  of.  Substances  which  are  volatile, 
however,  will  of  course  pass  over  with  the  water  vapour. 
Aboard  ship  salt  water  is  distilled  and  thus  made  fit  for 
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drinking.  In  chemical  laboratories  ordinary  water  is 
distilled  in  order  to  purify  it  for  fine  work  with  chemical 
substances.  A  simple  apparatus  to  illustrate  the  pro- 
cess of  distillation  is  that  shown  in  Fig.  23. 


FIG.  23. 

The  water  to  be  distilled  is  placed  in  the  flask  A. 
The  flask  is  connected  by  means  of  a  bent  glass  tube  B 
with  the  long  tube  CC.  This  in  turn  is  surrounded  by 
the  larger  tube  or  jacket  D.  The  side  tube  E  is  con- 
nected with  a  faucet  by  means  of  the  rubber  tube  G. 
The  water  is  allowed  to  flow  slowly  into  the  jacket  and 
out  at  F^  whence  it  passes  through  the  rubber  tube  H  to 
the  sink.  When  the  water  in  A  is  boiled,  the  vapour 
passes  into  the  tube  CC.  Here  it  is  cooled  down,  and 
takes  the  form  of  liquid,  which  runs  down  and  collects  in 
the  flask  K,  called  the  receiver.  The  apparatus  there- 
fore consists  of  three  parts  :  the  distilling-Jlask^  the 
condenser,  and  the  receiver. 

EXPERIMENT  49. — Dissolve  some  copper  sulphate,  or  some 
other  coloured  substance,  in  a  litre  of  water,  and  distil  the  water. 

Uses  of  "Water  in  Chemistry. — Water  is  the  best 
solvent.  A  greater  number  of  substances  dissolve  in  it 
than  in  any  other  liquid.  Chemical  operations  are  fre- 
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quently  carried  on  in  solution.  That  is  to  say,  the  sub- 
stances which  are  to  act  chemically  upon  one  another 
are  first  brought  into  solution.  The  object  of  this  is  to 
get  the  substances  into  as  close  contact  as  possible.  If 
we  rub  two  solids  together,  the  particles  remain  separated 
by  sensible  distances,  no  matter  how  finely  the  mixture 
may  be  powdered.  If,  however,  the  substances  be  dis- 
solved and  the  solutions  poured  together,  the  particles  of 
the  liquid  move  so  freely  among  one  another  that  they 
come  in  intimate  contact,  thus  aiding  chemical  action. 
In  some  cases  substances  which  do  not  act  upon  one 
another  at  all  when  brought  together  in  dry  condition  act 
readily  when  brought  together  in  solution.  (Experiments 
8  and  9.) 

Solution. — In  a  solution  the  particles  of  the  solid 
dissolved  are  in  some  way  attracted  and  held  in  combina- 
tion by  the  particles  of  the  liquid.  There  is  a  limit  to 
the  amount  of  any  substance  which  can  be  held  in  solu- 
tion at  a  given  temperature.  The  substance  dissolved 
is  distributed  uniformly  through  the  solution,  no  matter 
how  dilute  or  how  concentrated  the  solution  may  be, 
provided  it  has  stood  long  enough,  or  has  been  thor- 
oughly mixed  by  stirring. 

In  representing  by  an  equation  a  reaction  which  takes 
place  between  substances  in  solution,  it  is  not  customary 
to  take  account  of  the  water  which  acts  as  a  solvent. 

Summary. — You  have  thus  learned  that 

(1)  Water   can   be   decomposed  into  hydrogen  and 
oxygen  by  means  of  an  electric  current ; 

(2)  The  gases  are  obtained  in  the  proportion  of  eight 
parts  by   weight  of  oxygen    to  one  part  by  weight  of 
hydrogen,  or  one  volume  of  oxygen  to  two  volumes  of 
hydrogen  ; 

(3)  When  hydrogen  is  burned  water  is  formed  ; 

(4)  When  hydrogen  and  oxygen  are  mixed  together 
they  do  not  combine  under  ordinary  circumstances  ; 

(5)  When  a  spark  or  flame  is  brought  in  contact  with 
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the   mixture,    violent   action   accompanied  by  explosion 
takes  place ; 

(6)  The  action  is  caused  by  the  chemical  combination 
of  the  two  gases  ; 

(7)  They  combine  in  the  same  proportions  as  those 
in  which  they  are  obtained  from  water  by  the  action  of 
the  electric  current ; 

(8)  Water  can  be  made  by  passing  hydrogen  over 
heated  copper  oxide ; 

(9)  By  weighing  the  copper  oxide  before  and  after 
the  experiment,  and  determining  the  weight  of  the  water 
formed,  the  proportion  of  water  which  consists  of  oxygen 
is  found  to  be  eight-ninths. 

Formula  of  Water. — All  the  facts  taken  together 
prove  that  the  composition  of  water  is  what  it  has  been 
stated  to  be.  Now,  using  the  accepted  combining 
weights  of  hydrogen  and  oxygen,  viz.  I  and  16,  the 
simplest  formula  which  expresses  the  composition  of 
water  is  H2O.  This  expresses  the  fact  that  water  is 
composed  of  2  parts  by  weight  of  hydrogen  and  1 6  parts 
by  weight  of  oxygen,  or  i  part  of  the  former  to  8  parts 
of  the  latter.  If  8  were  adopted  as  the  combining 
weight  of  oxygen  the  formula  of  water  would  be  HO. 

Comparison  of  Hydrogen  and  Oxygen. — 
Hydrogen  and  oxygen  are  different  kinds  of  matter,  just 
as  heat  and  electricity  are  different  kinds  of  energy. 
Heat  can  be  converted  into  electricity,  and  electricity 
into  heat,  but  one  element  cannot  by  any  means  known 
to  us  be  converted  into  another.  They  appear  to  be 
entirely  independent  of  each  other.  If  we  compare 
hydrogen  with  oxygen  we  find  very  few  facts  which  in- 
dicate any  analogy  between  the  two  elements.  In  their 
physical  properties  they  are,  to  be  sure,  similar.  Both 
are  transparent,  colourless,  inodorous  gases.  On  the  other 
hand,  oxygen  combines  readily  with  a  large  number  of 
substances  with  which  hydrogen  does  not  combine. 
Oxygen,  as  you  have  seen,  combines  easily  with  carbon, 
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sulphur,  phosphorus,  and  iron.  It  is  a  difficult  matter 
to  get  any  of  these  elements  to  combine  directly  with 
hydrogen.  Further,  it  is  a  general  truth  that  substances 
which  combine  readily  with  hydrogen  do  not  combine 
readily  with  oxygen.  The  two  elements  have  opposite 
chemical  properties.  What  one  can  do  the  other  can- 
not do. 

Opposite  Chemical  Properties  are  Favourable 
to  Combination. — Not  only  do  hydrogen  and  oxygen, 
with  their  opposite  properties,  combine  with  great  ease 
under  the  proper  conditions,  but,  as  we  shall  see  later, 
it  is  a  general  rule  that  elements  of  like  properties  do 
not  readily  combine  with  one  another,  while  elements  of 
unlike  properties  do  readily  combine  with  one  another. 

Ozone. — When  electric  sparks  are  passed  for  a  time 
through  oxygen  it  is  changed  in  a  remarkable  way.  It 
acquires  a  strong  odour  and  is  much  more  active  than 
the  substance  which  we  call  oxygen.  The  odour  of  the 
gas  is  noticed  in  the  neighbourhood  of  an  electric  machine 
in  action,  and  is  said  to  be  noticed  during  thunder-storms. 
The  substance  which  has  the  odour  is  ozone.  It  is  formed 
in  a  number  of  chemical  reactions,  as  when  phosphorus 
acts  on  air  in  the  presence  of  water.  By  cold  and 
pressure  it  has  been  obtained  in  the  form  of  a  dark-blue 
liquid.  Ozone  is  present  in  small  quantities  in  the  air. 

Belation  between  Oxygen  and  Ozone. — When 
a  certain  volume  of  oxygen  is  converted  into  ozone  the 
volume  of  gas  is  decreased  to  two-thirds. 

By  heating  ozone  above  300°  C.  it  is  converted  into  or- 
dinary oxygen,  and  its  volume  increased  from  two  to  three. 

It  is  clear  that  the  element  oxygen  can  be  converted 
into  something  else  without  the  addition  of  anything  to 
it.  This  might  lead  you  to  think  that  it  is  not  an 
element.  But  the  substance  formed  from  it  has  exactly 
the  same  weight  and  can  be  changed  back  to  oxygen 
without  anything  being  added  to  it.  It  follows  that  the 
change  must  take  place  within  the  oxygen  itself. 
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Hydrogen  Dioxide,  H2O2. — Besides  water,  hydro- 
gen and  oxygen  form  a  second  compound  with  each 
other.  This  is  hydrogen  dioxide,  HgOg.1  It  is  prepared 
by  treating  barium  dioxide,  BaO2,  with  sulphuric  acid. 
It  is  a  liquid  which  decomposes  easily  into  water  and 
oxygen.  The  ease  with  which  it  gives  up  oxygen  makes 
it  a  good  oxidising  agent.  It  is  now  manufactured  on  a 
large  scale,  and  is  used  in  medicine. 

1  The  reason  for  writing  this  formula  HoQo  and  not  HO  will  be  seen  later. 


CHAPTER    IX 

COMPOUNDS    OF    NITROGEN    WITH    HYDROGEN    AND 
OXYGEN 

Destructive  Distillation  of  Animal  and 
Vegetable  Substances  which  Contain  Nitrogen. 
— Whenever  a  compound  containing  carbon,  hydrogen, 
and  nitrogen  is  heated  in  a  closed  vessel,  so  that  the  air 
cannot  reach  it,  and  it  cannot  burn  up,  the  nitrogen 
passes  out  of  the  compound,  not  as  nitrogen,  but  in  com- 
bination with  hydrogen,  as  ammonia.  Nearly  all  animal 
substances  contain  carbon,  hydrogen,  oxygen,  and  nitro- 
gen, and  many  of  them  give  off  ammonia  when  heated 
in  the  way  described.  Heating  in  this  way  is  called 
destructive  distillation.  Similarly,  compounds  containing 
carbon,  oxygen,  and  hydrogen,  even  though  they  be 
thoroughly  dry,  when  heated  give  off  oxygen  in  combin- 
ation with  hydrogen  as  water  (see  Experiment  I ).  The 
coal  which  is  used  for  making  illuminating-gas  contains 
some  hydrogen  and  nitrogen  in  chemical  combination, 
and  when  the  coal  is  heated  in  a  closed  vessel  ammonia 
is  given  off. 

Natural  Decomposition  of  Animal  and 
Vegetable  Substances  which  Contain  Nitrogen. 
— The  decay  or  slow  natural  decomposition  of  animal 
and  vegetable  substances  exposed  to  the  air  is  familiar  to 
every  one.  It  is  caused  by  the  action  of  hosts  of  minute 
living  things  (called  microbes)  acting  together  with  the 
oxygen  of  the  air.  Some  animal  substances  give  off 
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ammonia  when  they  decompose  in  the  air.  When 
animal  substances  decompose  under  proper  conditions 
either  a  nitrite  or  a  nitrate  is  formed ;  the  former  is 
derived  from  nitrous  acid,  HNO2,  the  latter  from  nitric 
acid,  HNO3.  In  some  countries  where  the  conditions 
are  favourable  to  the  process  immense  quantities  of  nit- 
rates are  found,  chiefly  potassium  nitrate  or  saltpetre, 
KNO3,  and  sodium  nitrate  or  Chili  saltpetre,  NaNO3,  so 
called  because  it  is  found  in  Chili  in  large  quantities. 
From  the  nitrates  nitric  acid  can  easily  be  obtained. 

How  Compounds  of  Nitrogen  are  Made.— 
The  principal  compounds  of  nitrogen  are  those  which  it 
forms  with  hydrogen  and  oxygen.  They  are  made  either 
from  ammonia  or  nitric  acid  by  methods  which  will  be 
described. 

Ammonia,  NH3. — The  conditions  under  which 
ammonia  is  formed  have  been  mentioned.  The  chief 
source  at  present  is  the  "  ammoniacal  liquor  "  of  the  gas- 
works, which  is  the  water  through  which  the  gas  has 
been  passed  for  the  purpose  of  removing  the  ammonia. 
By  adding  hydrochloric  acid  to  this  liquid  ammonium 
chloride,  commonly  called  sal  ammoniac,  is  formed. 
This  is  the  most  common  compound  containing  ammonia, 
and  it  is  therefore  used  in  the  laboratory  for  making 
ammonia. 

Preparation  of  Ammonia. 

EXPERIMENT  50. — To  a  little  ammonium  chloride  on  a 
watch-glass  add  a  few  drops  of  a  strong  solution  of  caustic  soda, 
and  notice  the  odour  of  the  gas  given  off.  Do  the  same  thing 
with  caustic  potash.  Mix  small  quantities  of  quicklime  and 
ammonium  chloride  in  a  mortar,  and  notice  the  odour.  Has 
ammonium  chloride  this  odour  ? 

To  prepare  ammonia  mix  slaked  lime  and  ammonium 
chloride  in  the  proportion  of  2  parts  of  the  former  to  i 
part  of  the  latter,  and  gently  heat  the  mixture.  It  has 
been  shown  that  besides  the  ammonia,  which  is  given 
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off  in  the  form  of  gas,  calcium  chloride,  CaCl2,  and  water 
are  formed  in  the  reaction.      It  is  represented  thus  : 

2NH4C1  +  Ca02H2  =  2NH3  +  Cad2  +  2H2O. 

EXPERIMENT  51. — Arrange  an  apparatus  as  shown  in  Fig.  24. 
In  the  flask  put  a  mixture  of  100  grams  slaked  lime  and  50 


FIG.  24. 

grams  ammonium  chloride.  Heat  on  a  sand-bath.  After  the 
air  is  driven  out,  the  gas  will  be  completely  absorbed  by  the 
water  in  the  first  Wolffs  flask.  Disconnect  at  A,  and  connect 
with  another  tube  bent  upward.  Collect  some  of  the  escaping 
gas  by  displacing  air,  placing  the  -vessel 
with  the  mouth  downward,  as  the  gas  is 
much  lighter  than  air.  The  arrangement  is 
shown  in  Fig.  25.  The  vessel  in  which  the 
gas  is  collected  should  be  dry,  as  water 
absorbs  ammonia  very  readily.  Hence  also 
it  cannot  be  collected  over  water.  In  the 
gas  collected  introduce  a  burning  stick  or 
taper.  Does  the  gas  burn  ?  Does  it  support 
combustion  ?  In  working  with  the  gas  great 
care  miist  be  taken  to  avoid  breathing  it  in 
any  quantity.  After  enough  has  been  col- 
FIG.  25.  lected,  connect  the  delivery-tube  again  with 

the  series  of  Wolffs  flasks,  and  pass  the  gas  through  the  water 
as  long  as  it  is  given  off. 
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Properties  of  Ammonia. — From  the  observations 
made  in  the  experiment  just  performed  you  see  that 
ammonia  is  a  colourless,  transparent  gas.  It  has  a  very 
penetrating  characteristic  odour.  In  concentrated  form 
it  causes  suffocation.  It  is  but  little  more  than  half  as 
heavy  as  air.  It  is  easily  compressed  to  the  liquid  form  by 
pressure  and  cold.  When  the  pressure  is  removed  from 
the  liquefied  ammonia  it  passes  back  to  the  form  of  gas. 
In  so  doing  it  absorbs  heat.  These  facts  are  taken  advan- 
tage of  for  the  artificial  preparation  of  ice.  Carre's  ice- 
machine  is  used  for  this  purpose.  Ammonia  does  not 
burn  in  the  air,  but  does  burn  in  oxygen.  It  is  absorbed 
by  water  in  very  large  quantity.  One  volume  of  water 
at  the  ordinary  temperature  dissolves  about  600  volumes 
of  ammonia-gas,  and  at  o°  C.  about  I  ooo  volumes. 

Spirits  of  Hartshorn. — The  solution  of  ammonia 
in  water  is  what  we  commonly  have  to  deal  with  under 
the  name  ammonia.  In  ordinary  language  it  is  called 
"  spirits  of  hartshorn."  The  solution  loses  all  its  gas 
when  heated  to  the  boiling  temperature. 

Nitric  Acid,  HNO3. — To  effect  the  direct  union  of 
nitrogen  with  oxygen  and  hydrogen  is  not  easier  than  to 
effect  the  direct  union  of  nitrogen  and  hydrogen  to  form 
imonia.  The  silent  and  continuous  action  of  minute 
iving  things  in  the  soil  is  always  tending  to  trans- 
>rm  the  waste  products  of  animal  life  into  compounds 
:losely  related  to  nitric  acid.  In  general,  by  oxida- 
tion the  nitrogen  of  animal  substances  is  converted 
into  nitric  acid,  while  by  reduction  it  is  converted  into 
ammonia. 

Preparation  of  Nitric  Acid.  —  Nitric  acid  is 
obtained  from  a  nitrate  like  potassium  nitrate,  KNO3, 
or  sodium  nitrate,  NaNO3,  by  treating  with  sulphuric 
acid. 


2NaNO, 


H2S04 


Na2S04    +    2HNO, 


Sodium  j    sulphuric 

nitrate        and        acid       gn 


nitrc 
acid. 
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You  see   that    the  hydrogen   of   the   sulphuric  acid 
changes  place  with  the  sodium  of  the  nitrate. 

EXPERIMENT   52. — Arrange    an    apparatus   as   shown   in 
Fig.   26.       In   the   retort  put  25  grams   sodium   nitrate  (Chili 


FIG.  26. 

saltpetre)  and  15  grams  concentrated  sulphuric  acid.  On 
heating  gently,  nitric  acid  will  distil  over  and  be  condensed  in 
the  receiver.  In  the  latter  stage  of  the  operation  the  vessel 
becomes  filled  with  a  reddish-brown  gas.  The  acid  which  is 
collected  has  a  somewhat  yellowish  colour. 

Pure  Nitric  Acid  is  a  colourless  liquid.  It  gives 
off  colourless  fumes  when  exposed  to  the  air.  When 
boiled  it  undergoes  slight  decomposition  into  oxygen, 
water,  and  compounds  of  nitrogen  and  oxygen.  One  of 
these  compounds  is  coloured,  and  it  is  this  which  is 
noticed  in  the  last  experiment  and  whenever  strong 
nitric  acid  is  boiled.  Nitric  acid  suffers  a  similar 
decomposition  when  exposed  to  the  action  of  the  direct 
rays  of  the  sun.  In  consequence  of  this  decomposition 
bottles  containing  strong  nitric  acid  sometimes  contain 
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a  reddish-brown  gas  above  the  liquid  after  standing  for 
some  time.  Strong  nitric  acid  acts  violently  on  many 
substances,  particularly  those  of  animal  and  vegetable 
origin,  decomposing  them.  It  causes  bad  wounds  in 
contact  with  the  flesh ;  it  eats  through  clothing ;  it 
burns  wood ;  it  dissolves  metals  ;  and  it  is  altogether 
one  of  the  most  active  of  chemical  substances.  In 
working  with  it  it  is  necessary  to  take  the  greatest  care. 

Ordinary  or  Commercial  Nitric  Acid  contains 
only  about  68  per  cent  of  the  chemical  compound 
HNO3.  The  rest  is  mostly  water,  though  there  are 
several  impurities  present  in  small  quantities. 

How  to  Make  Strong  Nitric  Acid.1 — Pure, 
strong  nitric  acid  may  be  made  by  mixing  commercial 
nitric  acid  and  commercial  strong  sulphuric  acid  and 
distilling. 

EXPERIMENT  53. — Mix  together  400  grams  ordinary  con- 
centrated sulphuric  acid  and  80  grams  ordinary  concentrated 
nitric  acid.  Distil  the  mixture  from  a  retort  arranged  as  in 
Experiment  52,  taking  care  to  keep  the  neck  of  the  retort  cool 
by  placing  filter-paper  moistened  with  cold  water  on  it.  Use 
the  acid  thus  obtained  for  the  purpose  of  studying  the  properties 
of  pure  nitric  acid. 

Nitric  Acid  Gives  up  Oxygen  Readily. — Nitric 
acid  is  much  used  on  account  of  the  ease  with  which  it 
gives  up  oxygen.  Many  substances  burn  up  in  strong 
nitric  acid. 

EXPERIMENT  54. — Pour  concentrated  nitric  acid  into  a 
wide  test-tube,  so  that  it  is  about  one-fourth  filled.  Heat  the 
end  of  a  stick  of  charcoal  of  about  the  size  of  a  lead-pencil,  and, 
holding  the  other  end  with  a  forceps,  introduce  the  heated  end 
into  the  acid.  It  will  continue  to  burn  with  a  bright  light,  even 
though  it  be  placed  below  the  surface  of  the  liquid.  The 
action  is  oxidation.  The  charcoal  in  this  case  finds  the  oxygen 

1  The  experiments  with  strong  nitric  acid  may  be  performed  or  not,  as  the 
teacher  thinks  best.  They  had  better  not  be  performed  by  the  pupils,  and 
should  not  be  performed  by  any  one  who  is  not  experienced  in  working  with 
chemical  substances. 
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in  the  acid  and  not  in  the  air.  Great  care  must  be  taken  in 
performing  this  experiment.  The  charcoal  should  not  come 
in  contact  with  the  sides  of  the  test-tube.  A  large  beaker- 
glass  should  be  placed  beneath  the  test-tube,  so  that  in  case  the 
tube  should  break,  the  acid  would  be  caught  and  prevented  from 
doing  harm.  The  arrangement  of  the  apparatus  is  shown  in 
Fig.  27.  The  gases  given  off  from  the  tube  are  offensive  and 


FIG.  27. 

poisonous.  Hence  this,  as  well  as  all  other  experiments  with 
strong  nitric  acid,  should  be  carried  on  either  out  of  doors  or 
under  a  hood  in  which  the  draught  is  good. 

EXPERIMENT  55. — In  a  small  flask  put  a  few  pieces  of 
granulated  tin.  Pour  on  this  just  enough  strong  nitric  acid  to 
cover  it.  Heat  gently  over  a  small  flame.  What  takes  place  ? 
What  is  the  appearance  of  the  substance  left  in  the  flask  ?  It 
is  mostly  a  compound  of  tin  and  oxygen.  (See  Experiment  7-) 

Action  of  Nitric  Acid  upon  Some  Metals. — 
Generally  when  an  acid  acts  upon  a  metallic  element 
like  silver,  copper,  lead,  etc.,  the  hydrogen  of  the  acid 
is  liberated  and  the  metallic  element  takes  its  place. 


ix  COMPOUNDS  OF  NITROGEN  73 

Thus  when  nitric  acid  acts  upon  silver  the  action  takes 
place  as  represented  in  the  equation 

Ag      +      HNO3      =      AgNO3       +       H. 

Silver    and         ^          give         J^  and     hydrogen. 

The  substances  thus  formed  are  called  nitrates.  At 
the  same  time  the  hydrogen  and  a  part  of  the  oxygen 
are  taken  out  of  the  acid,  and  compounds  of  nitrogen 
and  oxygen  are  formed  which  are  represented  by  the 
formulas  NO2,  NO,  and  N2O.  The  first  of  these, 
nitrogen  peroxide,  NO2,  is  a  coloured  gas,  and  as  some 
of  it  is  always  formed  when  nitric  acid  acts  upon  metals 
in  the  air,  the  presence  of  the  reddish-brown  gas  observed 
in  the  experiments  already  performed  with  nitric  acid 
will  be  readily  understood. 

EXPERIMENT  56. — Dissolve  a  few  pieces  of  copper-foil  in 
ordinary  commercial  nitric  acid  diluted  with  about  half  its 
volume  of  water.  The  operation  should  be  carried  on  in  a 
good-sized  flask  and  either  out  of  doors  or  under  a  good  hood. 
What  action  takes  place  ?  After  it  is  over  what  is  the  appear- 
ance of  the  liquid  in  the  flask  ?  Pour  it  out  and  evaporate  to 
crystallisation.  Compare  the  substance  thus  obtained  with 
copper  nitrate.  Heat  specimens  of  each.  Treat  small  speci- 
mens with  sulphuric  acid.  Do  the  substances  appear  to  be 
identical  ?  What  reasons  have  you  for  considering  them 
identical  ? 

Aqua  Regia  is  made  by  mixing  together  concentrated 
nitric  and  hydrochloric  acid.  It  is  an  excellent  solvent. 
It  is  called  aqua  regia  because  it  dissolves  the  king  of 
metals,  gold.  Similarly  nitric  acid  is  called  aqua  fortis, 
)r  strong  water.  In  olden  times  all  liquids  were  regarded 
as  kinds  of  water,  and  all  gases  as  kinds  of  air. 

The    Oxides   of   Nitrogen.  —  Nitrogen    combines 
rith    oxygen     in     five    proportions.       The    names    and 
of  the  compounds  formed  are  here  given. 
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Nitrous  oxide 

.       N,0 

Nitric  oxide 

.  NO  or  NoO2 

Nitrogen  trioxide 

.     N2O3 

Nitrogen  peroxide 

NOo  or  N2O4 

Nitrogen  pentoxide 

,          .          .     N205 

A  Q-ood  Illustration  of  the  Law  of  Multiple 
Proportions.  —  The  combining  weight  of  nitrogen 
being  14,  the  above  symbols  represent  the  fact  that  in 
the  compounds  of  nitrogen  and  oxygen  the  quantities 
of  oxygen  combined  with  28  parts  of  nitrogen  are  16, 
32,  48,  64,  and  80;  or  16,  twice  16,  three  times  16, 
four  times  16,  and  five  times  16  parts  of  oxygen  are 
combined  with  28  parts  by  weight  of  nitrogen.  This 
series  of  compounds  is  an  excellent  illustration  of  the 
law  of  multiple  proportions,  which  is  one  of  the  most 
important  and  interesting  truths  of  chemistry.  —  [What 
is  the  law  of  multiple  proportions  ?  How  does  this 
series  illustrate  it  ?] 

Nitrous  Oxide,  N2O.  —  This  compound  is  formed 
by  reduction  of  nitric  acid  when  the  acid  acts  upon 
metals  under  favourable  conditions  of  concentration 
and  temperature.  It  is  usually  prepared  by  heating 
ammonium  nitrate.  The  decomposition  takes  place  as 
represented,  thus  : 

NH4NO3  N2O      +        H2O 


EXPERIMENT  57.  —  In  a  retort  heat  10  to  15  grams  crystal- 
lised ammonium  nitrate  until  it  has  the  appearance  of  boiling. 
Do  not  heat  higher  than  is  necessary  to  secure  a  regular  evolu- 
tion of  gas.  Connect  a  wide  rubber  tube  directly  with  the 
neck  of  the  retort,  and  collect  the  gas  over  water,  as  in  the 
case  of  oxygen. 

Properties  of  Nitrous  Oxide.  —  It  is  colourless 
and  transparent  and  has  a  slightly  sweetish  taste.  When 
inhaled  it  causes  a  kind  of  intoxication,  which  is  apt  to 
show  itself  in  the  form  of  hysterical  laughing.  Hence 
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the  gas  is  commonly  called  laughing-gas.  Inhaled  in 
larger  quantity  it  causes  unconsciousness  and  insensibility 
to  pain.  It  is  therefore  used  in  certain  surgical  opera- 
tions, particularly  in  pulling  teeth.  It  supports  com- 
bustion almost  as  well  as  pure  oxygen. 

EXPERIMENT  58. — Insert  into  it  a  piece  of  burning  wood,  a 
candle,  and  a  small  piece  of  phosphorus. 

Nitric  Oxide,  NO. — This  gas,  as  has  been  stated, 
is  formed  when  nitric  acid  acts  upon  some  metals,  as 
copper.  It  seems  probable  that  two  changes  take 
place  : 

(1)  The  copper  displaces  the  hydrogen  of  the  acid, 
and  copper  nitrate  is  formed  ;  and 

(2)  The  hydrogen  acts  upon  the  nitric  acid,  reducing 
it  and  forming  nitric  oxide. 

These  two  stages  may  be  represented  thus  : 


and 


2HNO3 

Nitric 
acid 

2HNO, 

Nitric  " 
acid 


Cu(N03)2 


copper 
nitrate 


+      Cu      = 

and     copper    give 

+     6H       =     4H20 

and  hydrogen  give       water 


+      2H; 

and  hydrogen  ; 


+ 
and 


2NO. 


EXPERIMENT  59. — Arrange  an  apparatus  as 
shown  in  Fig.  28.  In  the  flask  put  a  few 
pieces  of  copper-foil.  Cover  this  with  water. 
Now  add  slowly,  waiting  each  time,  ordinary 
concentrated  nitric  acid.  When  enough  acid 
has  been  added  gas  will  be  given  off.  If  the 
acid  is  added  quickly  it  not  unfrequently 
happens  that  the  evolution  of  gas  takes  place 
too  rapidly,  so  that  the  liquid  is  forced  out  of 
the  flask  through  the  funnel-tube.  -  This  can  be 
avoided  by  not  being  in  a  hurry.  What  is  the 
colour  of  the  gas  in  the  flask  at  first  ?  What  is  it 
after  the  action  has  continued  for  a  short  time  ? 
Collect  over  water  two  or  three  vessels  full. 

Properties  of  Nitric  Oxide. — Nitric 
oxide  is  a  colourless,  transparent  gas.  Its 


FIG.  28. 
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most  remarkable  property  is  its  power  to  combine 
directly  with  oxygen  when  the  two  are  brought  together. 
The  reaction  is  represented  by  the  equation 

NO  +  O  =  N02. 

The  product  is  nitrogen  peroxide,  and  this  at  ordinary 
temperatures  is  a  reddish-brown  gas. 

EXPERIMENT  60. — Turn  one  of  the  vessels  containing  colour- 
less nitric  oxide  with  the  mouth  upward  and  uncover  it.  What 
takes  place  ?  Explain  the  appearance  of  the  coloured  gas  in 
Experiment  59,  and  the  fact  that  it  afterward  disappeared. 
What  was  in  the  vessel  at  the  beginning  of  the  operation  ?  Do 
not  inhale  the  gas.  Perform  the  experiment  with  nitric  oxide 
where  there  is  a  good  draught. 

EXPERIMENT  61. — Into  one  of  the  vessels  containing  nitric 
oxide  insert  a  burning  candle.  Does  the  gas  burn  ?  Does  it 
support  combustion  ? 

Nitric  oxide  does  not  burn  and  does  not  support  com- 
bustion. 

Nitrogen  Peroxide,  NO2. — This  is  the  reddish- 
brown  gas  formed  in  the  experiments  with  nitric  oxide. 
It  has  a  disagreeable  smell  and  is  poisonous.  It  is  used 
in  large  quantities  in  the  manufacture  of  the  extremely 
important  substance  sulphuric  acid,  as  will  be  explained 
further  on. 


CHAPTER    X 

CHLORINE   AND    ITS   COMPOUNDS   WITH    HYDROGEN 
AND   OXYGEN 

Introductory. — A  little  later  you  will  see  that  oxy- 
gen and  nitrogen  are  members  of  families  of  elements. 
The  other  members  of  the  oxygen  family  resemble  oxy- 
gen in  many  respects,  and  the  other  members  of  the 
nitrogen  family  resemble  nitrogen.  Hydrogen,  strange 
to  say,  does  not  belong  to  any  family,  but  stands  by  itself. 
Another  family  is  the  chlorine  family,  of  which  chlorine  is 
the  best-known  member. 

Occurrence  of  Chlorine. — Chlorine,  though  widely 
distributed  in  nature,  does  not  occur  in  very  large 
quantity  as  compared  with  oxygen  and  hydrogen.  It  is 
found  chiefly  in  combination  with  the  element  sodium  as 
common  salt  or  sodium  chloride,  which  is  represented  by 
the  symbol  NaCl.  It  is  also  found  in  combination  with 
other  elements,  as  potassium,  magnesium,  etc.  In  small 
quantity  it  occurs  in  combination  with  silver,  forming 
one  of  the  most  valuable  silver  ores.  All  the  chlorine 
with  which  we  have  to  deal  is  made  from  common  salt. 

Preparation  of  Chlorine. — We  cannot  decompose 
sodium  chloride  directly  into  its  elements.  In  order  to 
get  the  chlorine  out  of  the  compound  in  the  free  state  it 
is  necessary  first  to  get  it  in  combination  with  hydrogen 
in  the  form  of  hydrochloric  acid,  HC1.  This  is  very 
easily  accomplished  by  treating  salt  with  ordinary  sul- 
phuric acid.  The  reaction  is  represented  thus  : 
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(1)  2NaCl     +      H2SO4     =     Na2S04     +     2HC1. 

Sodium  ,       sulphuric       .  sodium  ,  hydrochloric 

chloride      and          acid         &v*     sulphate        and         acid. 

As  you  see,  the  sodium  of  the  salt  and  the  hydrogen 
of  the  sulphuric  acid  exchange  places,  a  kind  of  action 
which  is  very  common.  [How  does  the  process  for 
making  nitric  acid  resemble  this  process  ?]  Now,  if 
hydrochloric  acid  be  brought  in  contact  with  a  substance 
which  gives  up  oxygen  easily,  the  hydrogen  will  unite 
with  the  oxygen  to  form  water,  and  the  chlorine  will  be 
set  free.  The  reaction  is  represented  thus  : 

(2)  2HC1  +  O  =  H2O  +  2C1. 

In  the  laboratory  it  is  most  convenient  to  bring  to- 
gether ordinary  hydrochloric  acid  and  manganese  dioxide, 
MnO2,  a  substance  which  you  have  already  had  to  deal 
with  in  preparing  oxygen.  The  action  which  takes  place 
is  represented  thus  : 

MnO2  +  4HC1  =  MnCl2  +  2H2O  +  2C1. 

Commercial  Manufacture  of  Chlorine.— 
Chlorine  is  an  important  article  of  commerce,  as  it  finds 
extensive  use  for  bleaching  and  disinfecting.  As  man- 
ganese dioxide  is  a  comparatively  expensive  substance, 
efforts  have  been  made  to  devise  some  cheaper  method 
of  preparation  than  that  just  mentioned.  Two  are  in 
use. 

(1)  Deacoris  Process. — This  consists  in  passing  air 
and  hydrochloric  acid  together  through  a  heated  tube 
containing  clay  balls  which  have  been  saturated  with  a 
solution  of  copper  sulphate  or  blue  vitriol.      Exactly  why 
the  oxidation  should  take  place  under  these  circumstances 
is  not  known.     The  main  part  of  the  action  is  the  oxida- 
tion of  the  hydrochloric  acid,  as  represented  in  equation 
(2)  above. 

(2)  Weldorts  Process. — This  consists,  in  the  first  place, 
in  making  the  chlorine  from  manganese  dioxide  and  hy- 
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drochloric  acid,  and  then,  instead  of  throwing  away  the 
liquid  contained  in  the  vessel,  mainly  manganese  chloride, 
MnCl2,  in  solution,  this  is  treated  with  steam,  lime,  and 
air,  and  thus  converted  into  a  substance  which  acts 
towards  hydrochloric  acid  like  manganese  dioxide,  setting 
chlorine  free. 


FIG.  29. 

EXPERIMENT  62. — In  a  flask  put  about  100  grams  (3  to  4 
ounces)  of  black  oxide  of  manganese.  Pour  upon  it  enough 
ordinary  concentrated  hydrochloric  acid  to  cover  it  completely. 
Arrange  the  apparatus  as  shown  in  Fig.  29.  Heat  gently  in  a 
sand-bath,  when  chlorine  will  be  given  off.  Collect  six  or  eight 
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dry  cylinders  or  bottles  full  of  chlorine  by  letting  the  delivery- 
tube  extend  to  the  bottom  of  the  collecting  vessel  and  covering 
the  mouth  of  the  vessel  with  a  piece  of  paper.  You  can  see 
when  the  vessel  is  full  by  the  colour  of  the  gas. — The  experiments 
•with  chlorine  should  be  carried  on  in  a  place  where  the  draught 
is  good.  Do  not  inhale  the  gas. 

(1)  Into  one  of  the  vessels  containing  chlorine  introduce  a 
little  finely  powdered  antimony.     The  two  elements  combine  at 
once  with  evolution  of  light  and  heat.       [In  what  respects  does 
this  experiment   resemble  the  one  in  which  iron  was  burned 
in  oxygen  ?] 

(2)  Into  a  second  vessel  introduce  a  few  pieces  of  heated 
copper-foil.     Combination  takes  place  with  evolution  of  light 
and  heat.     A  compound  of  copper  and  chlorine  is  formed. 

(3)  Into  a  third  vessel  introduce  a  piece  of  paper  with  writing 
on  it,  some  flowers,  and  pieces  of  coloured  calico.     Most  of  the 
colours  will  be  destroyed  if  the  substances  are  moist. 

(4)  Into  a  fourth  vessel  introduce  a  dry  piece  of  the  same 
coloured  calico  as  that  used  in  (3).  The  dry  piece  is  not  bleached ; 
the  moist  piece  is. 

Properties  of  Chlorine. — Chlorine  is  a  greenish- 
yellow  gas.  It  has  a  disagreeable  smell,  and  acts  upon 
the  passages  of  the  throat  and  nose,  causing  irritation 
and  inflammation.  The  feeling  produced  is  much  like 
that  of  "  a  cold  in  the  head."  Inhaled  in  concentrated 
form,  that  is,  not  diluted  with  a  great  deal  of  air,  it 
would  cause  death.  It  is  much  heavier  than  air.  Its 
specific  gravity  is  2.45.  A  litre  of  chlorine  gas  at  o°  C. 
and  atmospheric  pressure  weighs  3.167  grams.  It  is 
soluble  in  water  and  acts  upon  mercury,  and  therefore 
must  be  collected  by  displacement  of  air.  It  combines 
readily  with  other  substances  and  destroys  colours  or 
bleaches.  It  is  one  of  the  most  active  elements.  In 
bleaching  it  decomposes  the  coloured  substances  and 
forms  colourless  substances.  It  is  used  to  disinfect  sub- 
stances. 

Disinfection.  —  Substances  given  off  from  persons 
sick  with  some  diseases,  such  as  typhoid  fever,  small- 
pox, etc.,  are  apt  to  cause  the  same  diseases  in  well 
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persons.  It  is  therefore  desirable  to  destroy  them. 
This  is  called  disinfecting.  One  of  the  most  valuable 
substances  for  this  purpose  is  chlorine.  It  is  sold  in 
the  form  of  "  bleaching  powder,"  known  also  as  "  chloride 
of  lime,"  which  is  a  compound  made  by  passing  chlorine 
gas  into  slaked  lime.  A  solution  of  this  substance  in 
water  is  a  valuable  disinfectant.  Old  drains,  sinks,  etc., 
from  which  bad  odours  arise  may  be  purified  by  adding 
enough  of  such  a  solution. 

Combination  of  Hydrogen  and  Chlorine. — 
Just  as  hydrogen  burns  in  the  air  it  burns  also  in  chlorine. 

EXPERIMENT  63. — Light  a  jet  of  hydrogen  in  the  air  and 
carefully  introduce  it  into  a  vessel  containing  chlorine.  Does 
it  continue  to  burn  ?  What  is  the  appearance  of  the  flame  ? 
What  evidence  have  you  that  a  product  is  formed  ?  Test  the 
gas  remaining  in  the  jar  with  blue  litmus  solution  shaken  up  in 
it,  and  compare  with  the  action  of  chlorine-gas  on  the  solution. 

The  burning  of  hydrogen  in  air  or  oxygen  is,  as  you 
have  seen,  simply  the  act  of  combination .  of  hydrogen 
and  oxygen,  the  product  being  water  in  the  state  of 
vapour,  and  therefore  invisible.  When  hydrogen  burns 
in  chlorine  the  action  consists  in  the  union  of  the  two 
gases,  the  product  being  hydrochloric  acid,  HC1,  which 
forms  clouds  in  the  air.  In  both  cases  the  action  is 
accompanied  by  heat  and  light. 

Chlorides. — Just  as  the  compounds  of  oxygen  with 
other  elements  are  called  oxidos,  so  the  compounds  of 
chlorine  with  the  elements  are  called  chlorides. 

Hydrochloric  Acid,  HC1. — The  only  compound 
which  chlorine  and  hydrogen  form  with  each  other  is 
hydrochloric  acid.  It  has  already  been  shown  that 
hydrogen  burns  in  chlorine,  and  that  hydrochloric  acid 
is  formed.  The  two  gases  may  be  mixed  together  and 
allowed  to  stand  together  indefinitely  in  the  dark,  and 
no  action  will  take  place.  If,  however,  the  mixture  be 
put  in  a  room  lighted  by  the  sun,  but  where  the  sun 
does  not  shine  directly  upon  it,  combination  takes  place 
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gradually  ;  and  if  the  sun  be  allowed  to  shine  upon  the 
mixture  for  an  instant,  explosion  occurs,  and  this  is  the 
sign  of  the  combination  of  the  two  gases.  The  same 
sudden  combination  is  effected  by  applying  a  flame  or 
spark  to  the  mixture.  In  this  case  light  causes  chemical 
action.  The  art  of  photography  depends  upon  the  fact 
that  light  has  the  power  to  cause  chemical  changes,  as 
will  be  more  fully  explained  later.  It  should  be  specially 
noted  that  the  cause  of  the  chemical  changes  in  the 
cases  referred  to  is  not  the  heat  but  the  light.  If  the 
substances  are  heated  to  the  same  temperature  in  the 
dark,  the  changes  do  not  take  place. 

Preparation  of  Hydrochloric  Acid. 

EXPERIMENT  64. — Pour  2  or  3  c.cm.  concentrated  sulphuric 
acid  on  a  gram  or  two  of  common  salt  in  a  test-tube.  What 
takes  place  ?  Is  a  gas  given  off  ?  What  is  its  appearance  ? 

Hydrochloric  acid  is  always  made  by  treating  common 
salt  with  sulphuric  acid,  when  the  reaction  takes  place 
which  is  represented  in  the  equation 

2NaCl  +  H2S04  =  Na2S04  +  2HC1. 

The  products  are  sodium  sulphate  and  hydrochloric 
acid.  The  hydrochloric  acid  is  given  off  as  a  gas,  and 
the  sodium  sulphate  remains  behind  in  the  flask. 

EXPERIMENT  65. — Arrange  an  apparatus  as  shown  in 
Fig.  24,  page  68.  Weigh  out,  separately,  100  grams  common 
salt,  100  grams  concentrated  sulphuric  acid,  and  I  part  water. 
Mix  the  acid  and  water,  taking  the  usual  precautions  (see  note, 
p.  47).  Let  the  mixture  cool  down  to  the  ordinary  tempera- 
ture ;  and  then  pour  it  on  the  salt  in  the  flask.  Now  heat  the 
flask  gently,  and  the  gas  will  be  regularly  given  off.  Conduct 
it  at  first  through  water  contained  in  two  or  three  Wolff's  bottles 
until  what  passes  over  is  completely  absorbed  in  the  first  Wolff's 
bottle.  The  reason  why  gas  at  first  bubbles  through  all  the 
bottles  is  that  the  apparatus  is  full  of  air,  which  is  first  driven 
out.  When  the  air  has  been  displaced,  the  gas  is  all  absorbed 
as  soon  as  it  comes  in  contact  with  the  water.  After  the  gas 
has  passed  for  ten  to  fifteen  minutes  disconnect  at  A  (see 
Fig.  24).  Notice  the  fumes.  These  become  denser  by 
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"  blowing  the  breath  "  upon  them.  Apply  a  lighted  match  to 
the  end  of  the  tube.  Does  the  gas  burn  ?  Collect  some  of  the 
gas  in  a  dry  cylinder  by  displacement  of  air,  as  in  the  case  of 
chlorine.  The  specific  gravity  of  the  gas  being  1.26,  the 
vessel  must  of  course  be  placed  with  the  mouth  upward.  Has 
the  gas  any  colour  ?  Is  it  transparent  ?  Insert  a  burning  stick 
or  candle  in  the  cylinder  filled  with  the  gas.  Does  the  gas 
support  combustion  ?  Connect  the  generating-flask  again  with 
the  bottles  containing  water,  and  let  the  process  continue  until  no 
more  gas  comes  over.  The  reaction  represented  in  the  equation 

2NaCl  +  H2SO4=Na2SO4  +  2HC1 

is  now  complete.  After  the  flask  has  cooled  down  pour  water 
on  the  contents,  and  when  the  substance  is  dissolved  filter 
it  and  evaporate  to  such  a  concentration  that,  on  cooling,  the 
sodium  sulphate  is  deposited.  Pour  off  the  liquid,  and  dry 
the  solid  substance  by  placing  it  upon  folds  of  filter -paper. 
Compare  the  substance  with  the  common  salt  which  you  put  in 
the  flask  before  the  experiment.  What  proofs  have  you  that 
the  two  substances  are  not  the  same  ?  Heat  a  small  piece  of 
each  in  a  dry  tube  closed  at  one  end.  What  differences  do 
you  notice  ?  Treat  a  small  piece  of  each  in  a  test-tube  with 
sulphuric  acid.  What  difference  do  you  notice?  If  in  the 
experiment  you  should  recover  all  the  sodium  sulphate  formed, 
how  much  would  you  have  ?  [The  combining  weight  of  sodium 
is  23  ;  of  sulphur  32  ;  and  of  chlorine  35-5-]  The  relations 
between  the  quantities  of  the  substances  which  take  part  in  the 
reaction  are  expressed  as  follows  : 

2NaCl       +  H2SO4  =  Na2SO4 

2(23  +  35.5)  +  2x1  +  32  +  4x162x23  +  32  +  4x16 


117  parts        +  98  parts  142  parts 

+  2HC1. 

2(1  +  35-5). 

+  73  parts. 

The  quantity  of  sodium  sulphate  formed  is  to  the  quantity  of 
sodium  chloride  as  142  is  to  117.  Therefore  if  you  use  100 
grams  of  sodium  chloride,  the  quantity  of  sodium  sulphate  formed 
is  found  by  solving  the  simple  proportion 

117  :  loo  : :  142  :  grams  of  sodium  sulphate. 
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Put  about  50  c.cm.  of  the  liquid  from  the  first  Wolffs  bottle  in 
a  porcelain  evaporating  -dish.  Heat  over  a  small  flame  just 
to  boiling.  Is  hydrochloric  acid  given  off?  Can  all  the  liquid 
be  driven  off  by  boiling  ?  Try  the  action  of  the  solution  on 
some  iron  filings.  Is  a  gas  given  off?  What  is  it  ?  Add  some 
to  a  little  granulated  zinc  in  a  test-tube.  Is  hydrogen  given 
off?  Add  some  to  a  little  manganese  dioxide  in  a  test-tube.  Is 
chlorine  given  off?  Add  ten  or  twelve  drops  of  the  acid  to  2 
or  3  c.cm.  water  in  a  test-tube.  Taste  the  dilute  solution. 
How  would  you  describe  the  taste  ?  Add  a  drop  or  two  of  a 
solution  of  blue  litmus,  or  put  into  it  a  piece  of  paper  coloured 
blue  with  litmus.  Litmus  is  a  vegetable  colour  prepared  for  use 
as  a  dye.  Other  vegetable  colours  are  changed  by  hydrochloric 
acid.  The  colour  will  be  restored  by  adding  a  few  drops  of 
caustic  soda  or  ammonia. 

Composition  of  Hydrochloric  Acid.  —  That  hy- 
drochloric acid  consists  of  hydrogen  and  chlorine  is 
shown  by  the  fact  that  it  is  formed  when  hydrogen  com- 
bines with  chlorine.  It  has  further  been  shown  that 
when  the  two  gases  combine  they  do  so  in  equal 
volumes,  i  volume  of  hydrogen  combining  with  I 
volume  of  chlorine  ;  and  these  2  volumes  form  2  vol- 
umes of  hydrochloric  acid  gas.  In  36.5  parts  by  weight 
of  hydrochloric-acid  gas  there  are  contained  I  part  by 
weight  of  hydrogen  and  35.5  parts  by  weight  of  chlorine. 
The  combining  weight  of  chlorine  being  35.5,  the  com- 
position of  hydrochloric  acid  gas  is  represented  by  the 
symbol  HC1. 

Chemical  Conduct  of  Hydrochloric  Acid.  —  i. 
Hydrochloric  acid  gives  up  its  hydrogen  when  brought 
in  contact  with  certain  substances  like  iron,  zinc,  etc., 
which  belong  to  the  class  called  metals  ;  and  takes  up 
these  metallic  elements  in  place  of  the  hydrogen.  Thus 
zinc  and  hydrochloric  acid  give  zinc,  chloride,  and 
hydrogen  : 

=  ZnCl+2H. 


2.    In  contact  with  substances  which  give  up  oxygen, 
or   with    oxygen   itself  under   certain   circumstances,    it 


x  CHLORINE  AND  ITS  COMPOUNDS  85 

gives  up  its  chlorine,  while  the  hydrogen  combines  with 
oxygen  to  form  water  : 


3.  When  it  acts  upon  metallic  oxides  or  compounds 
of  the  metals  with  oxygen,  such  as  magnesia  or  mag- 
nesium oxide,  MgO  ;  lime  or  calcium  oxide,  CaO  ;  zinc 
oxide,  ZnO,  etc.,  —  compounds  which  do  not  easily  give 
up  their  oxygen,  —  the  hydrogen  of  the  acid  combines 
with  the  oxygen  of  the  oxide  to  form  water,  while  the 
metals  combine  with  the  chlorine  : 

MgO  +  2HC1  =  MgCl2  +  H20  j 
CaO  +  2HCl  =  CaCl    +  HO  ; 


ZnO  +  2HCl  =  ZnCl2   +  H2O. 

Compounds  of  Chlorine  -with  Oxygen  and 
with  Hydrogen  and  Oxygen.  —  As  you  have  seen, 
chlorine  combines  very  readily  with  hydrogen,  and  hy- 
drogen with  oxygen,  and  the  products  are  stable  com- 
pounds. On  the  other  hand,  chlorine  does  not  combine 
directly  with  oxygen.  Indirectly  the  two  elements  can 
be  made  to  combine,  but  the  compounds  decompose  very 
easily  into  the  elements. 

Compounds  of  Chlorine  with  Hydrogen  and 
Oxygen.  —  The  principal  reaction  made  use  of  for  the 
preparation  of  compounds  of  chlorine,  oxygen,  and 
hydrogen  consists  in  treating  caustic  potash  or  potassium 
hydroxide,  KOH,  with  chlorine.  If  the  solution  of 
caustic  potash  is  warm  and  concentrated  the  reaction 
takes  place  mainly  as  represented  in  this  equation  : 

6KOH  +  6C1=  5KC1  +  KC1O3  +  3H2O. 

The  compound  KC1  is  potassium  chloride  j  KC1O3  is 
the  well-known  substance  potassium  chlorate  or  chlorate 
of  potash,  used  for  making  oxygen  in  Experiments  20 
and  21. 
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If  the  solution  is  dilute  the  reaction  takes  place  thus  : 
2KOH  +  2C1  =  KC1  +  KC1O  +  H20. 

The  product  KC1O  is  known  as  potassium  hypo- 
chlorite. 

Hypochlorous  Acid,  HC1O,  and  Chloric  Acid, 
HC1O3. — Just  as  sodium  nitrate,  NaNO3,  yields  nitric 
acid,  HNO3,  when  treated  with  sulphuric  acid  (see 
Experiment  52)  ;  and  sodium  chloride,  NaCl,  yields  hy- 
drochloric acid,  HC1  (see  Experiment  65)  ;  so  potassium 
chlorate,  KC1O3,  yields  chloric  acid,  HC1O3 ;  and  po- 
tassium hypochlorite,  KC1O,  yields  hypochlorous  acid, 
HC1O: 

2NaNO3  +  H2SO4  =  2HNO3  +  Na2SO4  ; 
2NaCl      +  H2S04=2HC1      +  Na2SO4 ; 
2KC1O3  +  H2SO4  =  2HC1O3  +  K2SO4; 
2KC1O    +H2SO4  =  2HC1O  +K2SO4. 

Bleaching-powder  or  "  chloride  of  lime  "  is  a  substance 
similar  to  potassium  hypochlorite,  and  is  formed  by 
passing  chlorine  into  slaked  lime.  It  will  be  more  fully 
considered  under  calcium. 

Other  Compounds  of  Chlorine,  Hydrogen, 
and  Oxygen. — There  are  four  compounds  of  chlorine, 
hydrogen,  and  oxygen.  As  far  as  composition  is  con- 
cerned, they  bear  a  simple  relation  to  one  another. 
Beginning  with  hydrochloric  acid,  we  have  a  series  of 
compounds  the  successive  members  of  which  differ  by 
one  combining  weight  of  oxygen : 

Hydrochloric  acid     ....  HC1. 

Hypochlorous  acid    ....  HC1O. 

Chlorous  acid  .....  HC1O2. 

Chloric  acid HC1O3. 

Perchloric  acid          ....  HC1O4. 

This  series,  like  the  series  of  compounds  of  nitrogen 
and  oxygen,  illustrates  very  clearly  the  law  of  multiple 
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proportions.     [What  is  the  law  of  multiple  proportions  ? 
In  what  way  does  this  series  illustrate  the  law  ?] 

Compounds  of  Chlorine  and  Oxygen. — There 
are  three  of  these  compounds,  viz.  :  chlorine  monoxide, 
C12O ;  chlorine  trioxide,  C12O3  ;  and  chlorine  tetroxide^ 
C1O2  (or  C12O4).  They  are  unstable  substances  which 
easily  break  up  into  chlorine  and  oxygen.  They  are  not 
easily  prepared  in  pure  condition  and  are  not  well  known. 


CHAPTER    XI 

ACIDS — BASES — NEUTRALISATION — SALTS 

Introduction. — You  have  already  met  with  a  num- 
ber of  substances  called  acids.  It  is  now  time  to1 
inquire  what  these  substances  have  in  common  which 
lead  chemists  to  call  them  all  acids.  What  is  there  in 
common,  for  example,  between  the  heavy,  oily  liquid 
sulphuric  acid  and  the  colourless  gas  hydrochloric  acid  ? 
It  is  not  possible  to  understand  the  nature  of  their  com- 
mon properties  without  reference  to  a  class  of  substances 
to  which  special  attention  will  be  called  in  due  time. 
These  are  the  alkalies^  which  are  the  most  marked  mem- 
bers of  a  class  of  substances  known  as  bases.  Acids  and 
bases  have  the  power  to  destroy  the  characteristic  pro- 
perties of  each  other.  When  an  acid  is  brought  in 
contact  with  a  base  in  proper  proportions,  the  character- 
istic properties  of  both  the  acid  and  the  base  are 
destroyed.  They  are  said  to  neutralise  each  other. 

A  Study  of  Neutralisation. — The  most  common 
acids  are  sulphuric,  hydrochloric,  and  nitric  acids. 
Among  the  more  common  bases  are  caustic  soda,  caustic 
potash,  and  lime.  A  convenient  way  to  recognise 
whether  a  substance  has  acid  or  basic  properties  is  by 
means  of  certain  colour-changes.  The  dye  litmus  is 
blue.  If  a  solution  which  is  coloured  blue  with  litmus 
be  treated  with  a  drop  or  two  of  an  acid,  the  colour  is 
changed  to  red.  If  now  the  red  solution  be  treated  with 
a  few  drops  of  a  solution  of  a  base,  the  blue  colour  is 
restored.  There  are  many  other  substances  which 
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change  markedly  in  colour,  according  to  whether  the 
solutions  in  which  they  are  present  are  acid  or  basic. 
An  infusion  of  red  cabbage,  for  example,  changes  colour 
when  treated  with  an  acid,  and  recovers  its  colour  when 
again  treated  with  an  alkali. 

EXPERIMENT  66. — Make  dilute  solutions  of  nitric,  hydro- 
chloric, and  sulphuric  acids  (i  part  dilute  acid,  such  as  is  used  in 
the  laboratory,  to  about  50  parts  of  water)  ;  and  of  caustic  soda 
and  caustic  potash  (about  5  grams  to  100  c.cm.  of  water). 
Measure  off  about  20  c.cm.  of  each  of  the  acid  solutions.  Add 
a  few  drops  of  a  solution  of  blue  litmus.  Gradually  add  to 
each  of  the  measured  quantities  of  acid  sufficient  dilute  caustic 
soda  to  cause  the  red  colour  just  to 
change  to  blue.  As  long  as  the  solu- 
tion is  red  it  is  acid.  When  it  turns 
blue  it  is  alkaline.  At  the  turning 
point  it  is  neutral.  The  experiment  is 
best  performed  with  the  aid  of  a  burette, 
which  is  a  graduated  tube  with  an  open- 
ing from  which  small  quantities  can  be 
poured.  A  convenient  shape  is  that 
represented  in  Fig.  30.  At  the  lower 
end  is  a  small  opening.  The  flow  of 
the  liquid  from  the  burette  is  controlled 
by  means  of  a  small  pinch-cock.  It 
will  require  some  practice  to  enable  you 
to  know  exactly  when  the  red  colour 
disappears  and  the  blue  appears,  but 
with  practice  the  point  can  be  recognised 
with  great  accuracy.  Should  too  much 
alkali  be  allowed  to  get  into  the  acid, 
add  a  small  measured  quantity  of  the 
acid  from  another  burette.  In  one 
experiment  neutralise  20  c.cm.  of  the 
acid  ;  in  a  second  10  c.cm. ;  in  a  third 
15  c.cm.  What  relation  do  the  quanti- . 
ties  of  alkali  used  bear  to  one  another  ? 
Does  it  always  require  a  definite 


FIG.  30. 


quantity  of  alkali  to  neutralise  a  certain  quantity  of  acid  ? 
What  is  Formed  when  an  Acid  Neutralises 
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a  Base? — To  determine  this  we  may  use  in  larger 
quantities  the  same  substances  as  those  used  in  the 
preceding  experiments. 

EXPERIMENT  67. — i.  Dissolve  10  grams  caustic  soda  in 
100  cc.  water.  Add  hydrochloric  acid  slowly,  examining  the 
solution  from  time  to  time  by  means  of  a  piece  of  paper  coloured 
blue  with  litmus.  As  long  as  the  solution  is  alkaline  it  will 
cause  no  change  in  the  colour  of  the  paper.  The  instant  it 
passes  the  point  of  neutralisation  it  changes  the  colour  of  the 
paper  red.  When  this  point  is  reached,  evaporate  the  water  on 
a  water-bath  to  complete  dryness,  and  see  what  is  left.  Taste 
the  substance.  Has  it  an  acid  taste?  Does  it  suggest  any 
familiar  substance  ?  If  it  is  common  salt  or  sodium  chloride, 
how  ought  it  to  conduct  itself  when  treated  with  sulphuric  acid  ? 
Does  it  conduct  itself  in  this  way?  Is  the  substance  an  alkali? 
Is  it  an  acid?  Is  it  neutral?  Its  formation  took  place 
according  to  the  equation 

HC1  +  NaOH  =  NaCl  +  H2O. 

2.  Perform  the  same  experiment,  using  nitric  acid  instead  of 
hydrochloric  acid.      Compare  the  product  with  sodium  nitrate. 
Heat  a  small  specimen   of  each  in  a  tube  closed  at  one  end. 
What  takes  place  ?     Treat  a  small  specimen  of  each  with  a  little 
sulphuric  acid  in  test-tubes.      What  takes  place  ?     The  reaction 
between  nitric  acid  and  caustic  soda  is  represented  thus  : 

HN03  +  NaOH  =  NaNO3  +  H2O. 

3.  Similarly,  sulphuric  acid  and  caustic  soda  give  sodium 
sulphate  and  water,  thus  : 

H2SO4  +  2NaOH  =  Na2SO4  +  2H2O. 

4.  Similar  reactions  take  place  with  caustic  potash.      Hydro- 
chloric acid  and  caustic  potash  yield  potassium   chloride  and 
water  : 

HC1  +  KOH  =  KC1  +  H2O. 

Nitric  acid  and  caustic  potash  yield  potassium  nitrate  and  water : 
HNO3  +  KOH  =  KNO3  +  H2O. 

Sulphuric  acid  and  caustic  potash  yield  potassium  sulphate 
and  water  : 

H2S04  +  2KOH  =  K2S04  +  2H20. 
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"What  these  Experiments  Show. — Considering 
the  facts  just  learned,  you  see 

1 i )  That  an  acid  contains  hydrogen  ; 

(2)  That  a  base  contains  a  metal ; 

(3)  That  when  an  acid  acts  upon  a  base  the  hydro- 
gen and  the  metal  exchange  places  ; 

(4)  That  the  substance  obtained  from  the   acid  by 
replacing  the  hydrogen  by  a  metal  is  neutral ; 

(5)  That  the  substance  formed  by  replacing  the  metal 
of  the  base  by  hydrogen  is  water. 

The  Fourth  Statement  not  General. — All  these 
statements  except  the  fourth  hold  true  of  all  cases.  In 
some  cases  after  replacing  the  hydrogen  of  an  acid  by  a 
metal  the  substance  has  an  alkaline  reaction ;  and  in 
other  cases  the  product  has  an  acid  reaction. 

Products  Formed  -when  a  Metal  Acts  upon 
an  Acid. — You  have  already  seen  that  hydrochloric 
acid  and  sulphuric  acid  act  upon  certain  metals,  as  iron 
and  zinc,  and  that  the  action  consists  in  giving  up 
hydrogen  and  taking  up  metal  in  its  place.  The  pro- 
ducts of  this  action  are  the  same  in  character  as  those 
formed  by  the  action  of  acids  on  bases. 

Acids,  Bases,  and  Salts. — An  acid  is  a  substance 
containing  hydrogen,  which  it  easily  exchanges  for  a 
metal  when  treated  with  a  metal  itself,  or  with  a  com- 
pound of  a  metal  called  a  base. 

A  base  is  a  substance  containing  a  metal  combined 
with  hydrogen  and  oxygen.  It  easily  exchanges  its 
metal  for  hydrogen  when  treated  with  an  acid. 

The  products  of  the  action  of  an  acid  on  a  base  are, 
irst,  water,  and,  second,  a  neutral  substance  called  a 
lit.  In  the  examples  already  given,  sodium  chloride, 
tassium  chloride,  sodium  nitrate,  potassium  nitrate, 

lium  sulphate,  and  potassium  sulphate  are  salts. 

What  is  a  Metal  ? — Unfortunately  it  is  not  an  easy 
ting  to  give  a  satisfactory  answer  to  this  question.  We 
in  give  examples  of  metals,  such  as  iron,  zinc,  silver, 
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calcium,  magnesium,  etc. ;  but  when  we  attempt  to  dis- 
cover the  common  properties  of  these  substances  we  are 
somewhat  at  a  loss.  In  general,  any  element  which  has 
the  power  to  enter  into  an  acid  in  the  place  of  the  hydro- 
gen is  called  a  metal.  With  hydrogen  and  oxygen  a 
metal  forms  a  product  which  has  the  power  to  neutralise 
acids  ;  that  is  to  say,  which  has  basic  properties. 

Names  of  Acids. — The  termination  ic  is  generally 
used  in  naming  acids,  as  is  seen  in  the  names  hydro- 
chloric, sulphuric,  nitric,  etc.  If  a  second  acid  containing 
the  same  elements  exists  and  the  proportion  of  oxygen 
contained  in  it  is  smaller  than  in  the  acid  the  name  of 
which  ends  in  ic,  the  second  acid  is  given  a  name  ending 
in  ous.  Thus,  chlorous  acid,  HC1O2,  contains  a  smaller 
proportion  of  oxygen  than  chloric  acid,  HC1O3. 

When  more  than  two  acids  containing  the  same 
elements  are  known,  prefixes  are  used  to  distinguish 
them.  In  the  series  of  chlorine  acids  already  referred 
to  (see  page  86),  there  is  one  acid  which,  so  far  as  the 
proportion  of  oxygen  contained  in  it  is  concerned,  stands 
below  chlorous  acid.  It  is  called  ^y/^chlorous  acid,  the 
prefix  hypo  being  derived  from  a  Greek  word  meaning 
under.  Further,  there  is  an  acid  which  contains  a  larger 
proportion  of  oxygen  than  chloric  acid.  It  is  called  per- 
chloric  acid,  the  Latin  prefix  per  meaning  here  very 
or  fully.  It  will  be  seen  that  the  names  of  the  acids 
vary  with  the  proportion  of  oxygen  contained  in 
them. 

Names  of  Bases. — As  already  stated,  a  base  is  a 
compound  of  a  metal  with  hydrogen  and  oxygen.  Thus 
caustic  soda  has  the  formula  NaOH,  caustic  potash 
KOH,  lime  CaO2H2,  etc.  They  are  commonly  known 
as  hydroxides.  To  distinguish  between  the  hydroxides 
of  the  different  metals,  the  names  of  the  metals  are  put 
before  the  name  hydroxide.  Thus,  caustic  soda,  NaOH, 
is  called  sodium  hydroxide;  caustic  potash,  KOH,  is 
called  potassitim  hydroxide  ;  caustic  lime,  CaO2H2,  is 
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called  calcium  hydroxide,   etc.     These  compounds    are 
called  hydrates  by  some  chemists. 

Names  of  Salts. — Every  metal  can  form  a  salt  with 
every  acid.  The  salts  derived  from  a  given  acid  receive 
a  general  name,  and  this  general  name  is  qualified  in 
each  case  by  the  name  of  the  metal  contained  in  the 
salt.  Thus,  all  the  salts  derived  from  nitric  acid  are 
called  nitrates j  all  those  derived  from  chloric  acid  are 
called  chlorates j  those  derived  from  sulphuric  acid  are 
called  sulphates.  So  too,  further,  the  salts  of  chlorous 
acid  are  called  chlorites ;  those  of  nitrous  acid,  nitrites  j 
those  of  sulphurous  acid,  sulphites j  etc.  etc.  You  will 
notice  that  the  last  syllable  of  the  name  of  the  salt  differs 
according  to  the  name  of  the  acid.  If  the  name  of  the 
acid  ends  in  zV,  the  name  of  the  salt  ends  in  ate.  If  the 
name  of  the  acid  ends  in  ous,  the  name  of  the  salt  ends 
in  ite.  To  distinguish  between  the  different  salts  of  the 
same  acid,  the  name  of  the  metal  contained  in  it  is  put 
before  the  general  name  of  the  salt.  Thus,  the  po- 
tassium salt  of  nitric  acid  is  called  potassium  nitrate,  the 
sodium  salt  is  called  sodium  nitrate  ;  the  calcium  salt  of 
sulphuric  acid  is  called  calcium  sulphate  ;  the  magnesium 
salt  of  nitrous  acid  is  magnesium  nitrite  ;  the  calcium 
salt  of  hypochlorous  acid  is  calcium  hypochlorite,  etc. 

[Give  the  name  and  formula  of  the  potassium  salt  of 
perchloric  acid. — Give   the   name   and    formula    of   the 
sodium  salt  of  hypochlorous  acid. — Give  the  name  and 
>rmula  of  the  sodium  salt  of  nitric  acid.] 

Salts    of  Hydrochloric    Acid. — If    the    salts    of 
lydrochloric  acid  were  named  in  accordance   with   the 
principle  just  explained,  they  would  be  called  hydrochlor- 
tes.      But  these    salts   are  identical   with   the   products 
>rmed  by  direct  combination  of  the  metals  with  chlorine, 
s  hydrochloric  acid  and  zinc  act  as  represented  in 
the  equation 

Zn+  2HCl  =  ZnCl2+  2H; 
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while  zinc  and  chlorine  act  thus  : 


In  each  case  the  same  product,  ZnCl2,  is  formed. 
But  these  compounds  of  metals  with  chlorine  are  called 
chlorides,  as  has  already  been  explained.  Hence  the 
name  hydrochlorates  is  unnecessary. 

Acid  Properties  and  Oxygen.  —  The  observation 
that  oxygen  is  generally  present  in  acids  led  at  one  time 
to  the  belief  that  it  is  a  necessary  part  of  these  sub- 
stances. Hence  the  name  oxygen,  which  means  the 
acid-former,  was  given  to  it.  That  oxygen  is  not 
essential  to  the  existence  of  acid  properties  is  shown  in 
the  case  of  hydrochloric  acid,  and  in  a  few  other  similar 
cases.  It  must  be  said,  however,  that  the  acid  proper- 
ties of  substances  are  generally  due  to  the  presence  of 
oxygen.  Some  substances  with  basic  properties  are 
converted  into  acids  by  causing  them  to  combine  with 
more  oxygen. 


CHAPTER     XII 

CARBON 

Carbon  Pound  in  All  Living  Things. — Wood, 
flesh,  and  other  products  of  vegetable  or  animal  life, 
when  heated  to  a  sufficiently  high  temperature  blacken^ 
and  afterwards,  if  they  are  heated  in  the  air,  they  burn 
up,  as  we  say.  This  blackening  is  due  to  the  fact  that 
the  substances  all  contain  carbon.  When  they  are 
heated  the  other  elements  are  first  driven  off  in  various 
forms  of  combination,  while  the  carbon  is  the  last  to  go. 
If  they  are  heated  in  the  air,  the  carbon  finally  combines 
with  oxygen  to  form  a  colourless  gas — it  burns  up. 

Destructive  Distillation. — The  process  of  heating 
substances  in  closed  vessels  and  collecting  the  products 
formed  is  called  destructive  distillation.  Among  the 
most  interesting  examples  of  destructive  distillation  are 
those  of  coal  and  of  wood.  Coal  is  heated,  as  already 
stated  under  Ammonia,  for  the  purpose  of  making 
illuminating-gas.  Wood  is  heated  for  the  purpose  of 
making  charcoal.  Many  interesting  and  important  sub- 
stances are  obtained  in  these  processes.  Some  of  them 
will  be  taken  up  further  on. 

Occurrence  of  Carbon. — From  what  has  already 
been  said  you  will  see  that  the  principal  form  in  which 
carbon  occurs  in  nature  is  in  combination  with  other 
elements.  It  occurs  not  only  in  all  living  things,  but  in 
their  fossil  remains,  as  in  coal.  Coal-oil  or  petroleum, 
the  formation  of  which  was  in  some  way  connected  with 
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the  processes  involved  in  the  formation  of  coal,  consists 
of  a  large  number  of  compounds  which  contain  only 
carbon  and  hydrogen.  Most  products  of  plant-life  con- 
tain the  elements  carbon,  hydrogen,  and  oxygen. 
Among  the  more  common  of  these  products  are  sugar, 
starch,  cellulose,  etc.  Most  products  of  animal  life  con- 
tain carbon,  hydrogen,  oxygen,  and  nitrogen.  Among 
them  may  be  mentioned  albumin,  fibrin,  casein,  etc. 
Carbon  occurs  in  the  atmosphere  in  the  form  of  carbon 
dioxide  or  carbonic  acid.  It  also  occurs  in  the  form  of 
salts  of  carbonic  acid,  the  carbonates,  which  are  widely 
distributed,  forming  some  large  mountain-ranges.  Lime- 
stone, marble,  and  chalk  are  calcium  carbonate. 

Forms  of  the  Element  Carbon. — Uncombined, 
the  element  occurs  pure  in  two  very  different  forms 
in  nature:  (i)  As  diamond;  and  (2)  as  graphite  or 
plumbago. 

Diamond. — The  celebrated  diamond-beds  are  in  the 
East  Indies,  Borneo,  Sumatra,  Brazil,  Australia,  Mexico, 
and  the  Cape  of  Good  Hope.  When  found,  diamonds 
are  covered  with  an  untransparent  layer,  which  must  be 
removed  before  the  beautiful  properties  appear.  Dia- 
mond is  the  hardest  substance  known.  Heated  to  a  high 
temperature  in  oxygen,  it  burns  up,  forming  only  carbon 
dioxide. 

Graphite. — Graphite,  or  plumbago,  is  found  in 
nature  in  large  quantities.  It  can  be  prepared  artificially 
by  dissolving  charcoal  in  molten  iron.  From  this  solu- 
tion it  is  deposited  as  graphite  on  cooling.  It  has  a 
grayish-black  colour  and  a  metallic  lustre.  It  is  quite 
soft,  leaving  a  leaden-gray  mark  on  paper  when  drawn 
across  it,  and  is  hence  used  in  the  manufacture  of  so- 
called  lead  pencils.  It  is  sometimes  called  black  lead. 
Heated  to  a  very  high  temperature  in  the  air,  or  in 
oxygen,  it  burns  up,  forming  only  carbon  dioxide. 

Amorphous  Carbon. — All  forms  of  carbon  which 
are  not  diamond,  nor  graphite,  are  included  under  the 
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This  name  means  simply  that 
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Coke. — This  is  a  form  of  amorphous  carbon  which 
is  made  by  heating  ordinary  gas-coal  without  access  of 
air,  as  is  done  on  a  large  scale  in  the  manufacture  of 
illuminating-gas.  Coke  bears  to  coal  about  the  same 
relation  that  charcoal  bears  to  wood. 

Lamp-black  is  a  very  finely  divided  form  of  char- 
coal which  is  deposited  on  cool  objects  placed  in  the 
flames  of  burning  oils.  Most  flames  used  for  illuminat- 
ing purposes  give  a  black  deposit  of  soot  on  objects 
placed  in  them.  This  soot  is  largely  made  up  of  fine 
particles  of  carbon.  It  is  used  in  the  manufacture  of 
printer's  ink.  Carbon  is  acted  upon  directly  by  very 
few  substances,  and  is  insoluble,  so  that  it  is  impossible 
to  destroy  the  colour  of  printer's  ink  without  destroying 
the  material  upon  which  it  is  impressed. 

Bone-black,  or  Animal  Charcoal,  is  a  form  of 
amorphous  carbon  which  is  made  by  charring  bones  and 
other  animal  substances.  Unless  it  is  treated  with  an 
acid  it  contains  the  incombustible  substances  which  form 
a  part  of  bones. 

Charcoal-filters. — Bone-black  and  wood-charcoal 
are  very  porous  and  have  the  power  to  absorb  gases. 
When  placed  in  air  containing  bad-smelling  gases,  these 
are  absorbed  and  the  air  thus  purified.  When  water 
which  contains  disagreeable  substances  is  treated  with 
charcoal,  these  are  wholly  or  partly  absorbed  and  the 
water  improved.  Charcoal-filters  are  therefore  exten- 
sively used.  A  charcoal-filter  to  be  of  value  should  be 
of  good  size,  and  from  time  to  time  the  charcoal  should 
be  taken  out  and  renewed.  The  small  filters  which  are 
screwed  into  faucets  are  of  little  value,  as  the  charcoal 
soon  becomes  charged  with  any  objectionable  matter 
which  may  be  present  in  the  water. 

Bone-black  Filters. — Some  colouring  matters  are 
removed  from  liquids  by  passing  the  liquids  through  bone- 
black  filters.  On  the  large  scale,  this  fact  is  taken  ad- 
vantage of  in  the  refining  of  sugar.  The  solution  of 
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sugar  first  obtained  from  the  cane  or  beet  is  strongly 
coloured ;  and  if  it  were  evaporated,  the  sugar  deposited 
from  it  would  be  dark-coloured.  If,  however,  the  solution 
be  first  passed  through  bone-black  filters,  the  colour  is 
removed. 

EXPERIMENT  68. — Make  a  filter  of  bone-black  by  fitting  a 
paper  filter  into  a  funnel  12  to  15  mm.  (5  to  6  inches)  in 
diameter  at  its  mouth.  Half  fill  this  with  bone-black.  Pour  a 
dilute  solution  of  indigo1  through  the  filter.  If  the  conditions 
are  right  the  solution  will  pass  through  colourless.  Do  the  same 
thing  with  a  dilute  solution  of  litmus.  If  the  colour  is  not  com- 
pletely removed  by  one  filtering,  filter  the  solutions  again.  The 
colour  may  also  be  removed  from  solutions  by  putting  some 
bone-black  into  them  and  boiling  for  a  time.  Try  this  with 
half  a  litre  each  of  the  litmus  and  indigo  solutions  used  in  the 
first  part  of  the  experiment.  Use  about  4  to  5  grams  bone- 
black  in  each  case.  Shake  the  solutions  frequently  while 
heating. 

Charring  Prevents  Decay. — Charcoal  does  not 
decay  in  the  air  or  under  water  nearly  as  readily  as  wood. 
That  is  another  way  of  stating  the  chemical  fact  that  the 
substances  of  which  wood  is  made  up  are  more  suscep- 
tible to  the  action  of  other  chemical  substances  than 
charcoal  is.  We  have  one  illustration  of  this  in  the  relative 
ease  with  which  charcoal  and  wood  burn  in  the  air.  Piles 
which  are  driven  below  the  surface  of  water  are  charred 
to  protect  them  from  the  action  of  those  substances  which 
cause  decay. 

Coal. — Under  this  head  are  included  a  great  many 
kinds  of  impure  amorphous  carbon  which  occur  ready- 
formed  in  nature.  Ordinarily  coals  are  divided  into  hard 
and  soft  coals,  or  anthracite  and  bituminous  coals.  Then 
there  are  substances  more  closely  related  to  wood  and 
therefore  called  lignite,  and  those  which  represent  a  very 
early  stage  in  the  process  of  coal-formation,  viz.,  peat. 

Formation  of  Coal. — A  close  examination  of  all 

1  Prepared  by  treating  powdered  indigo  for  some  time  with  warm  con- 
centrated sulphuric  acid  and  diluting  with  much  water. 
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these  varieties  has  shown  that  they  have  been  formed  by 
the  gradual  decomposition  of  vegetable  material  where 
there  was  not  free  access  of  air.  The  process  has  been 
going  on  for  ages.  Sometimes  the  substances  have  been 
subjected  to  great  pressure,  as  can  be  seen  from  the 
position  in  which  they  occur  in  the  earth. 

Destructive  Distillation  of  Coal. — All  forms  of 
coal  contain  other  substances  besides  carbon.  The 
soft  coals  are  particularly  rich  in  other  substances. 
When  heated  they  give  off  a  mixture  of  gases  and  vapours 
of  volatile  liquids.  The  gases  are,  for  the  most  part, 
useful  for  illuminating  purposes.  The  liquids  form  a 
black,  tarry  mass  known  as  coal-tar^  from  which  are  ob- 
tained many  valuable  compounds  of  carbon.  The  gases 
are  passed  through  water  for  the  purpose  of  removing 
certain  impurities.  This  water  absorbs  ammonia  and 
forms  the  ammoniacal  liquor  of  the  gas-works. 

Diamond,  Graphite,  and  Charcoal  Different 
Forms  of  the  Element  Carbon. — An  element,  as 
you  have  learned,  is  a  form  of  matter  which  cannot 
be  decomposed  into  simpler  substances  by  any  means 
now  known  to  chemists.  From  hydrogen  we  can  get 
nothing  but  hydrogen,  except  by  bringing  it  together 
with  some  other  element;  from  nitrogen  we  can  get 
nothing  but  nitrogen,  etc.  In  the  case  of  carbon,  how- 
ever, it  is  possible  for  the  element  to  appear  in  three 
forms,  which  differ  markedly  from  one  another.  That 
they  are  the  same  substance,  chemically  speaking,  can  be 
proved  by  a  simple  experiment.  If  we  were  to  burn  the 
same  weight  of  diamond,  of  graphite,  and  of  charcoal, 
and  collect  and  weigh  the  carbon  dioxide  formed  in  each 
case,  we  should  find  that  the  quantity  of  carbon  dioxide 
formed  is  the  same  in  each  case.  Further,  knowing  the 
composition  of  carbon  dioxide,  we  know  how  much 
carbon  is  contained  in  a  given  weight  of  the  gas.  Cal- 
culating the  quantity  of  carbon  contained  in  the  carbon 
dioxide  obtained  in  burning  a  piece  of  diamond,  we 
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should  find  that  it  is  exactly  equal  to  the  weight  of  the 
diamond;  and  the  same  thing  is  true  of  graphite  and 
charcoal. 

PROBLEM. — How  much  carbon  dioxide,  CO2,  should  be  ob- 
tained by  burning  o.  5  gram  diamond  ?  The  combining  weight 
of  carbon  is  12. 

Common  Properties  of  the  Different  Forms 
of  Carbon. — Notwithstanding  the  marked  differences  in 
their  appearance  the  different  forms  of  carbon  have  some 
properties  in  common.  They  are  insoluble  in  all  known 
liquids.  They  are  tasteless,  inodorous,  and  infusible. 
When  heated  without  access  of  air,  they  remain  un- 
changed unless  the  temperature  is  very  high. 

Allotropism. — That  one   and  the   same   substance 
can  appear  in  markedly  different  forms  under  different 
conditions  is  seen  in  the  case  of  water.      Hail  and  snow 
would  hardly  be  suspected  of  being  the  same  substance 
by  one  not  quite  familiar  with  them.       The  difference  in 
this  case,  as  in  that  of  carbon,  is  believed  to  be  due  to 
the  way  in  which  the  small  particles  of  which  the  sub- 
stances are  made  up  are  arranged.     If  we  had  a  number 
of  small  pieces  of  wood  all  of  the  same  size  and  shape,  say 
cubes,  and  should  carefully  arrange  them  in  some  regular 
way,   we   might   easily   make   a  comparatively  compact 
mass  of  them,  and  the  mass  would  have  a  regular  form. 
We  might,  further,  arrange  them  in  some  second  way 
dth  regularity.     And  we  might  simply  throw  the  pieces 
Aether  in   a  jumble.      These  three  kinds  of  arrange- 
icnt   would  represent,   in   a   rough  way,  the   difference 
itween  the  three  forms  of  carbon.      Each  pile  would  be 
lade  of  wood,  but  in  outward  appearance  they  would 
iffer  from  one  another.       In  a  similar  way  oxygen  and 
zone  differ  from  each  other.     The  power  which  some 
lements  have  of  existing  in  different  conditions  is  called 
allotropism. 

Chemical    Conduct    of    Carbon. — At   ordinary 
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temperatures  carbon  is  an  inactive  element.  If  it  be  left 
in  contact  with  any  one  of  the  elements  thus  far  con- 
sidered— viz.,  hydrogen,  oxygen,  chlorine,  and  nitrogen — 
no  change  takes  place.  At  higher  temperatures,  how- 
ever, it  readily  combines  with  other  elements,  especi- 
ally oxygen.  It  combines  with  oxygen  either  directly,  as 
when  it  burns  in  the  air  or  oxygen ;  or  it  abstracts  oxygen 
from  some  of  the  oxides. 

Direct  Combination  of  Carbon  -with  Oxy- 
gen.— This  has  been  already  shown  in  Experiment  24, 
and  is  familiar  to  every  one  in  charcoal-fires.  That 
carbon  dioxide  is  the  product  formed  may  be  shown  by 
passing  the  gas  into  lime-water,  when  insoluble  calcium 
carbonate  will  be  thrown  down. 

EXPERIMENT  69. — Put  a  small  piece  of  charcoal  in  a  piece 
of  hard  glass  tube.  Pass  oxygen  through  the  tube,  at  the  same 


FIG.  31. 

time  heating  it.  Pass  the  gases  into  clear  lime-water.  Arrange 
the  apparatus  as  shown  in  Fig.  31.  A  is  a  bottle  containing 
oxygen ;  B  is  the  hard  glass  tube  containing  the  charcoal ;  C  is 
the  cylinder  with  clear  lime-water.  The  reason  why  lime-water 
is  used  is  simply  that  an  insoluble  compound  is  formed,  and 
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this  con  be  seen,  and  it  can  be  separated  from  the  liquid  and 
examined.     The  reaction  which  takes  place  is  represented  thus  : 


CO       =     CaCO 


CaOH 


(insoluble) 

No  other  common  gas  acts  in  this  way  with  lime-water. 
Hence,  when,  under  ordinary  circumstances,  a  gas  is  passed 
into  lime-water  and  an  insoluble  substance  is  formed,  we  may 
conclude  that  the  gas  is  carbon  dioxide. 

Carbon    Abstracts   Oxygen   from    Oxides.- 
This  may  be  illustrated  by  the  following  experiments  :  — 

EXPERIMENT  70.  —  Mix  together  2  or  3  grams  powdered 
copper  oxide,  CuO,  and  about 
one-tenth  its  weight  of  powdered 
charcoal  ;  heat  in  a  tube  to  which 
is  fitted  an  outlet  tube,  as  shown 
in  Fig.  32.  Pass  the  gas  which 
is  given  off  into  clear  lime-water 
contained  in  a  test-tube.  —  Is  it 
carbon  dioxide  ?  What  evidence 
have  you  that  oxygen  has  been 
extracted  from  the  copper  oxide  ? 
What  is  the  appearance  of  the 
substance  left  in  the  tube  ?  Does 

suggest  the  metal  copper? 
7reat  a  little  with  strong  nitric 
icid.  What  should  take  place 
if  the  substance  is  metallic  copper? 
(See  Experiment  56.)  What  does  take  place  ?  The  reaction 
between  the  charcoal  and  the  copper  oxide  is  represented  thus  : 


EXPERIMENT  71.  —  Perform  a  similar  experiment  with  a 
little  white  arsenic  in  a  small  glass  tube  closed  at  one  end. 
Take  about  equal  parts  of  charcoal  and  arsenic.  White  arsenic 
is  a  compound  of  the  element  arsenic  and  oxygen,  As2O3.  The 
reaction  which  takes  place  when  it  is  heated  with  charcoal  is 
represented  thus  : 
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The  element  arsenic  is  volatile,  and  is  hence  driven  out  of  the 
bottom  of  the  tube  and  deposited  on  the  sides  of  the  tube  above 
the  mixture  in  the  form  of  a  mirror  with  a  metallic  lustre. 

Use  of  Carbon  (Charcoal)  as  a  Reducing 
Agent. — As  has  already  been  explained,  the  abstraction 
of  oxygen  from  a  compound  is  known  as  reduction. 
Hence  carbon  is  called  a  reducing  agent.  It  is  exten- 
sively used  for  the  purpose  of  extracting  metals  from 
their  ores,  which  are  the  forms  in  which  they  occur  in 
nature.  Thus,  iron  does  not  occur  in  nature  as  iron,  but 
in  combination  with  other  elements,  particularly  oxygen. 
In  order  to  get  the  metal  the  ore  must  be  reduced,  or,  in 
other  words,  the  oxygen  must  be  extracted.  This  is  in- 
variably accomplished  by  heating  it  with  some  form  of 
carbon,  either  charcoal  or  coke. 

[What  other  element  which  you  have  already  studied 
acts  as  a  reducing  agent  ?  Give  an  example  of  its 
reducing  power.] 


CHAPTER    XIII 

COMPOUNDS    OF    CARBON    WITH    HYDROGEN,    OXYGEN, 
AND    WITH    NITROGEN 

Compounds  of  Carbon    and   Hydrogen. — In 

the  laboratory  it  is  not  a  simple  matter  to  effect  com- 
bination between  carbon  and  hydrogen  except  in  a  few 
simple  cases.  In  nature  processes  are  in  operation 
which  give  rise  to  the  formation  of  a  large  number  of 
compounds  containing  these  elements  ;  and,  further,  in 
the  manufacture  of  illuminating-gas  from  coal  the  con- 
ditions are  such  as  to  cause  the  combination  of  carbon 
and  hydrogen,  several  interesting  compounds  being  thus 
formed.  There  are  no  other  two  elements  which  combine 
with  each  other  in  as  many  different  proportions  as  carbon 
and  hydrogen.  The  compounds  thus  formed  are  known 
as  hydrocarbons.  The  number  of  hydrocarbons  known 
is  very  great,  being  somewhere  between  one  and  two 
hundred.  Fortunately,  investigation  has  shown  that 
quite  simple  relations  exist  between  these  compounds  ; 
and  hence,  though  the  number  is  large,  the  study  is  not 
as  difficult  as  might  be  expected. 

Petroleum  is  an  oily  liquid  found  in  many  places  in 
the  earth  in  large  quantity,  particularly  in  Pennsylvania 
and  the  Caucasus.  In  the  earth  it  contains  both  gases 
and  liquids.  When  it  is  brought  into  the  air,  the  pres- 
sure being  removed,  the  gases  are  given  off.  There  are 
several  gaseous  hydrocarbons  given  off,  and  a  large 
number  of  liquids  left  behind. 
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Refining1  Petroleum. — The  vapours  from  petroleum 
when  mixed  with  air  are  explosive,  and  the  thicker 
liquids  clog  the  lamps  and  wicks.  Therefore  these  must 
be  removed  before  the  oil  is  fit  for  household  use.  This 
is  done  by  (i)  distilling,  (2)  washing  with  sulphuric  acid, 
(3)  washing  with  alkali,  and  (4)  washing  with  water. 
The  product  thus  prepared  is  called  kerosene. 

In  refining  petroleum  a  number  of  products  are 
obtained  which  cannot  be  used  in  lamps.  Those  which 
are  lighter  than  kerosene,  that  is  to  say  those  which  boil 
at  a  lower  temperature,  are  known  as  gasoline,  naphtha, 
benzine,  etc.  From  the  heavier  portions,  or  those  which 
boil  at  higher  temperatures  than  kerosene,  paraffin  is 
made.  Each  of  these  substances  is  a  mixture  of  several 
chemical  compounds. 

Hydrocarbons  contained  in  Petroleum. — The 
simplest  hydrocarbon  contained  in  petroleum  is  methane, 
or  marsh-gas,  CH4  ;  the  next  has  the  composition  C2H6, 
the  next  C3Hg,  etc.  It  will  be  seen  that  these  com- 
pounds bear  a  simple  relation  to  one  another,  as  far  as 
composition  is  concerned.  They  are  the  first  members 
of  a  series  the  names  and  symbols  of  the  first  eight 
members  of  which  are  given  below  : 

CH4,  Methane,  or  Marsh-gas  ; 

C2H6,  Ethane  ; 

C3Hg,  Propane  ; 

C4H10,  Butane  ; 

C5H12,  Pentane  ; 

C6H14,  Hexane  ; 

CyH16,  Heptane  ; 

C8H18,  Octane. 

Homology. — The  first  member  of  the  series  differs 
from  the  second  by  CH2  ;  there  is  also  this  same  differ- 
ence, in  general,  between  any  two  consecutive  members 
of  the  series.  This  relation  is  known  as  homology,  and 
such  a  series  as  an  homologous  series.  Carbon  is  dis- 
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tinguished  from  all  other  elements  by  its  power  to  form 
homologous  series. 

The  Ethylene  Series  of  Hydrocarbons. — Be- 
sides the  series  above  mentioned,  which  is  known  as  the 
marsh-gas  series,  there  are  other  homologous  series  of 
hydrocarbons.  There  is  one  beginning  with  ethylene, 
C2H4,  examples  of  which  are 

Ethylene,  C2H4 ; 
Propylene,  C3H6 ; 
Butylene,  C4Hg. 

The  Acetylene  Series. — There  is  a  series  begin- 
ning with  acetylene,  examples  of  which  are 

Acetylene,  C2H2  ; 
Allylene,  C3H4. 

The  Benzene  Series. — Another  series  begins  with 
Denzene,  C6H6.  Some  of  the  members  of  this  series  are 

Benzene,   C6H6  ; 
Toluene,    CrHg  ; 

Xylene,     C8H10. 

Marsh-gas,  Methane,  Fire-damp,  CH4. — Marsh- 
gas  is  found  in  nature  in  petroleum,  and  is  given  off 
when  the  oil  is  taken  out  of  the  earth.  It  is  formed,  as 
the  name  implies,  in  marshes,  as  the  product  of  a  reduc- 
ng  process.  Vegetable  matter  is  composed  of  carbon, 
hydrogen,  and  oxygen.  When  it  undergoes  decomposi- 
tion in  the  air  in  a  free  supply  of  oxygen,  the  final 
products  are  carbon  dioxide  and  water.  When  the 
decomposition  takes  place  without  access  of  oxygen,  as 
under  water,  marsh-gas,  which  is  a  reduction  product,  is 
formed.  It  bears  to  carbon  much  the  same  relation  that 
ammonia  bears  to  nitrogen. 

Occurrence  of  Marsh -gas  in  Coal-mines. — 
Marsh-gas  is  met  with  in  coal-mines,  and  is  known  to 
he  miners  as  fire-damp.  Mixed  with  air  it  is  one  of  the 
causes  of  the  terrible  explosions  which  occur  in  coal-mines. 
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Preparation  of  Marsh-gas. — Marsh-gas  is  most 
readily  prepared  in  the  laboratory  by  heating  sodium 
acetate  with  caustic  potash  and  quicklime. 

EXPERIMENT  72. — Mix  5  grams  dry  sodium  acetate,  5  grams 
potassium  hydroxide,  and  7^  grams  quicklime.  Heat  in  a 
retort.  Collect  over  water  as  in  making  nitrous  oxide.  Does 
the  gas  burn  ?  Does  it  give  light  in  burning  ? 

Properties  of  Marsh-gas. — Marsh-gas  is  a  colour- 
less, transparent,  tasteless,  inodorous  gas  slightly  soluble 
in  water.  It  burns,  forming  carbon  dioxide  and  water. 
When  mixed  with  air,  the  mixture  explodes  if  a  flame  or 
spark  comes  in  contact  with  it. 

Ethylene,  Olefiant  Gas,  C2H4. — This  hydrocarbon 
is  formed  by  heating  a  mixture  of  ordinary  alcohol  and 
concentrated  sulphuric  acid.  It  is  a  colourless  gas  which 
can  be  condensed  to  a  liquid.  It  burns  with  a  luminous 
flame. 

Acetylene,  C2H2. — Acetylene  is  formed  when  a 
current  of  hydrogen  is  passed  between  carbon  poles 
which  are  incandescent  in  consequence  of  the  passage 
of  a  powerful  electric  current.  In  this  case  carbon  and 
hydrogen  combine  directly.  It  is  formed  also  when  the 
flame  of  an  ordinary  laboratory  burner  (Bunsen  burner) 
"  strikes  back,"  or  burns  at  the  base  without  a  free 
supply  of  air.  Its  odour  is  unpleasant.  It  burns  with 
a  luminous,  smoky  flame. 

The  Manufacture  of  Illuminating -gas. — The 
gas  which  is  used  for  lighting  buildings  is  generally 
made  from  coal.  For  this  purpose,  as  has  been  stated, 
the  coal  is  heated  in  closed  vessels.  The  products 
which  are  formed  are  first  passed  through  a  series  of 
tubes  which  are  kept  cool.  In  these  a  thick  black 
liquid,  known  as  coal-tar,  collects.  Then  the  gaseous 
products  are  passed  through  water  which  takes  up 
ammonia.  The  gases  which  remain  are  treated  with 
two  or  three  other  substances  to  remove  impurities,  and 
are  then  collected  in  large  vessels  called  gasometers. 
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One  ton  of  gas-coal  yields  an  average  of  10,000  cubic 
feet  of  gas. 

Coal-tar. — Coal-tar  contains  a  very  large  number  of 
compounds,  some  of  which  are  obtained  from  it  by  dis- 
tillation. The  first  products  which  pass  over  contain  the 
hydrocarbons  of  the  benzene  series,  of  which  benzene 
itself  is  the  principal  one. 

Carbon  Dioxide,  CO2. — The  principal  compound 
of  carbon  and  oxygen  is  carbon  dioxide,  CO2,  commonly 
called  carbonic  acid. 

Occurrence  of  Carbon  Dioxide.  —  Under  the 
head  of  The  Atmosphere  it  was  stated  that  this  gas  is 
always  present  in  the  air.  It  issues  from  the  earth  in 
many  places,  particularly  in  the  neighbourhood  of  vol- 
canoes. Many  mineral  waters  contain  it  in  considerable 
quantity,  as  the  waters  of  Pyrmont,  Selters,  and  the 
Geyser  Spring  at  Saratoga.  In  small  quantity  it  is 
present  in  all  natural  waters.  In  combination  with  bases 
it  occurs  in  enormous  quantities,  particularly  in  the  form 
of  calcium  carbonate,  CaCO3,  varieties  of  which  are 
ordinary  limestone,  chalk,  marble,  and  calc-spar. 

Natural  Forma- 
tion of  Carbon  Di- 
oxide.— Carbon  dioxide 
is  constantly  formed  in 
many  natural  processes. 
Thus,  all  animals  that 
breathe  in  the  air  give 
off  carbon  dioxide  from 
their  lungs. 

EXPERIMENT  73. — Blow 
through  some  lime-water  by 
means  of  an  apparatus  ar- 
ranged as  shown  in  Fig.  33. 
What  evidence  have  you  FIG.  33. 

that  your  lungs  give  off  carbon  dioxide  ? 

It  has   already  been  shown   that   carbon  dioxide   is 
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formed  in  the  combustion  of  charcoal  and  wood.  In  a 
similar  way  it  can  be  shown  that  the  gas  is  formed 
whenever  any  of  our  ordinary  combustible  materials  are 
burned.  From  our  fires  as  from  our  lungs,  and  from 
the  lungs  of  all  animals,  then,  carbon  dioxide  is  con- 
stantly given  off.  Further,  the  natural  processes  of  decay 
of  both  vegetable  and  animal  matter  tend  to  convert  the 
carbon  of  this  matter  into  carbon  dioxide,  and  this  is 
then  spread  through  the  air.  The  process  of  alcoholic 
fermentation,  and  some  other  like  processes,  also  give 
rise  to  the  formation  of  carbon  dioxide.  In  all  fruit- 
juices  there  is  contained  sugar.  When  the  fruits  ripen, 
fall  off,  and  decay,  the  sugar  is  changed  to  alcohol  and 
carbon  dioxide. 

Preparation  of  Carbon  Dioxide. — The  easiest 
way  to  get  carbon  dioxide  is  to  add  an  acid  to  a  car- 
bonate. Whenever  any  acid  is  added  to  any  carbonate 
there  is  an  evolution  of  gas. 

EXPERIMENT  74. — In  different  test-tubes  containing  a  little 
sodium  carbonate  add  dilute  hydrochloric,  sulphuric,  nitric,  and 
acetic  acids.  — What  takes  place  ?  Is  a  gas  given  off  ?  Pass  it 
through  lime-water.  Is  it  carbon  dioxide  ?  Perform  the  same 
experiment  with  small  pieces  of  marble.  What  gas  is  given  off? 

To  prepare  carbon  dioxide  in  the  laboratory,  calcium 
carbonate  in  the  form  of  marble,  or  limestone,  and 
hydrochloric  acid  are  commonly  used.  The  reaction  is 
represented  thus  : 

CaCO3  +  2HC1  =  CaCl2  +  CO2  +  H2O. 

Calcium 
carbonate. 

[What  is  the  substance  CaCl2  ?] 

EXPERIMENT  75. — Arrange  an  apparatus  as  shown  in  Fig. 
34.  In  the  flask  put  some  pieces  of  marble,  and  pour  ordinary 
hydrochloric  acid  on  it.  Collect  the  gas  by  displacement  of 
air,  placing  the  vessel  with  the  mouth  upward.  Fill  several 
cylinders  or  bottles  with  the  gas.  Into  one  introduce  a  lighted 
candle,  and  afterwards  a  burning  stick.  What  takes  place  ? 
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Into  another  put  a  live  mouse.  What  takes  place?  With 
another  proceed  as  if  pouring  water  from  it.  Pour  the  in- 
visible gas  upon  the  flame  of  a  burning  candle.  Pour  some 
of  the  gas  from  one  vessel  to  another,  and 
show  that  it  has  been  transferred.  Balance  a 
beaker  on  a  good-sized  scales,  and  pour  carbon 
dioxide  into  it.  If  the  balance  is  at  all  sensi- 
tive, the  pan  in  which  the  beaker  is  placed 
will  go  down. 

Properties  of  Carbon  Dioxide.— 

From  the  observations  you  have  just  made 
you  have  learned  that  carbon  dioxide  is 
a  colourless  gas  at  the  ordinary  temper- 
ature ;  that  it  is  incombustible  and  does 
not  support  combustion ;  and  that  it  is 
heavier  than  the  air.  When  subjected  to 
a  low  temperature  and  high  pressure  it 
is  converted  into  a  liquid,  and  this  can 
further  be  changed  to  a  solid.  It  has  a 
slightly  acid  taste  and  smell. 

Why  Carbon  Dioxide  does  not  Burn. — It 
does  not  burn  for  the  same  reason  that  water  does  not; 
because  it  already  holds  in  combination  all  the  oxygen  it 
has  the  power  to  combine  with.  Before  it  can  burn 
again  it  must  first  be  decomposed. 

Carbon  can  do  Chemical  "Work. — Carbon  has 
the  power  to  combine  with  oxygen,  and  in  so  doing  a 
definite  quantity  of  heat  is  given  off.  A  pound  of  carbon 
represents  a  definite  quantity  of  chemical  energy,  which 
we  can  get,  first,  in  the  form  of  heat,  and  then  convert 
into  other  forms,  as  electricity,  motion,  etc.  After  the 
pound  of  carbon  has  been  burned,  the  product  no  longer 
represents  the  energy  the  carbon  did.  Similarly,  a  body 
of  water  elevated  ten  or  fifteen  feet  represents  a  certain 
quantity  of  energy  which  can  be  obtained  by  allowing 
the  water  to  fall  upon  the  paddles  of  a  water-wheel  con- 
nected with  the  machinery  of  a  mill.  After  the  water 
has  fallen,  however,  it  no  longer  has  the  power  to  do 
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work,  or  it  has  no  energy.  In  order  that  it  may  again 
do  work  it  must  again  be  lifted  up. 

Soda-water. — Carbon  dioxide  dissolves  in  water, 
one  volume  of  water  dissolving  about  its  own  volume  of 
the  gas  at  the  ordinary  temperature.  When  the  pressure 
is  increased  the  water  dissolves  more  gas ;  and  when  the 
pressure  is  removed  the  gas  again  escapes.  The  so- 
called  "soda-water"  is  simply  water  charged  with  carbon 
dioxide  under  pressure.  The  escape  of  the  gas,  when 
the  water  is  drawn,  is  familiar  to  every  one.  The  carbon 
dioxide  used  in  charging  the  water  is  usually  made  from 
a  sodium  salt  of  carbonic  acid  known  as  "bicarbonate  of 
soda." 

Breathing. — It  was  stated  above  that  carbon  dioxide 
is  given  off  from  the  lungs  as  it  is  from  a  fire,  and  the  fact 
was  shown  by  means  of  a  simple  experiment.  It  is  a 
waste  product  of  the  processes  going  on  in  the  animal 
body.  Just  as  it  cannot  support  combustion,  so  animals 
cannot  breathe  in  it.  It  is  not  poisonous  any  more  than 
water  is ;  but  it  cannot  supply  the  oxygen  which  is  needed 
for  breathing  purposes.  In  it  animals  die  of  suffocation, 
as  they  do  in  water.  Any  considerable  increase  in  the 
quantity  of  carbon  dioxide  in  the  air  above  that  which  is 
generally  present  is  objectionable,  because  it  decreases 
the  proportion  of  oxygen  in  the  air  which  is  breathed. 
If  pure  carbon  dioxide  be  introduced  into  the  air  it  has 
been  shown  that  as  much  as  5  per  cent  may  be  present 
without  causing  injury  to  those  who  breathe  it. 

Air  in  Badly  Ventilated  Rooms. — In  a  badly 
ventilated  room  in  which  a  number  of  people  are  collected 
and  lights  are  burning,  it  is  well  known  that  in  a  short 
time  the  air  becomes  foul,  and  bad  effects,  such  as 
headache,  drowsiness,  etc.,  are  felt  by  those  in  the  room. 
These  effects  are  caused,  not  by  the  carbon  dioxide,  but 
by  other  waste  products  which  are  given  off  from  the 
lungs  in  the  process  of  breathing.  The  gases  given  off 
from  the  lungs  consist  of  nitrogen,  oxygen,  carbon 
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dioxide,  and  water  vapour.  Besides  these,  however,  there 
are  many  substances  in  a  fine  state  of  division  which 
contain  carbon,  and  are  in  a  state  of  decomposition. 
These  are  poisonous,  and  are  the  chief  cause  of  the  bad 
effects  experienced  in  breathing  air  which  has  become 
contaminated  by  the  exhalations  from  the  lungs. 

Carbon  Dioxide  in  Old  "Wells.  —  As  carbon 
dioxide  is  formed  in  the  earth  wherever  an  acid  solution 
comes  in  contact  with  a  carbonate,  the  gas  is  frequently 
given  off  from  fissures  in  the  earth.  It  is  hence  not  in- 
frequently found  in  old  wells  which  have  not  been  in  use 
for  some  time,  and  deaths  have  been  caused  by  de- 
scending these  wells  for  the  purpose  of  repairing  them. 
It  is  a  good  plan  to  let  down  a  lighted  candle  into  such 
a  well  before  venturing  to  go  down.  If  the  candle  burns, 
the  air  can  be  breathed  without  danger. 

Choke-damp. — Carbon  dioxide  is  also  frequently 
met  with  in  mines,  and  is  called  choke-damp  by  the 
miners.  The  miners  know  that  after  an  explosion  caused 
by  fire-damp  there  is  danger  of  death  from  choke-damp. 
The  reason  is  simple.  When  fire-damp,  or  marsh-gas,  ex- 
plodes with  air  the  carbon  is  converted  into  choke-damp, 
or  carbon  dioxide,  and  the  hydrogen  into  water. 

Carbon  Dioxide  the  Food  of  Plants. — Plants 
live  largely  on  the  carbon  dioxide  contained  in  the  air. 
They  have  the  power  with  the  aid  of  the  sun's  light  to 
decompose  the  gas,  and  they  then  build  up  the  complex 
compounds  of  carbon  which  form  their  tissues,  using  for 
this  purpose  the  carbon  of  the  carbon  dioxide  which 
they  have  decomposed. 

Plants  the  Food  of  Animals. — Animals  eat 
either  the  products  of  plant-life  or  other  animals  which 
get  their  food  from  the  vegetable  kingdom.  The  food 
of  animals  comes,  then,  either  directly  or  indirectly  from 
plants.  The  food  taken  into  the  animal  body  is  partly 
changed  into  other  substances  which  form  the  structure 
of  the  animal ;  and  partly  it  is  oxidised,  thus  serving  to 
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keep  the  temperature  of  the  body  up  to  the  necessary 
point.  That  part  of  the  food  which  suffers  oxidation  in 
the  body  acts  the  same  as  fuel  in  a  stove.  It  is  burned 
up,  producing  heat,  the  carbon  being  converted  into 
carbon  dioxide  which  is  given  off  from  the  lungs. 

Carbon  Dioxide  Returns  to  the  Air. — From 
fires  and  living  things  carbon  dioxide  is  returned  to  the 
air,  where  it  again  serves  as  food  for  plants.  When  the 
life-process  stops  in  the  animal  or  plant,  decomposition 
begins;  and  the  final  result  of  this,  under  ordinary  cir- 
cumstances, is  the  conversion  of  the  carbon  into  dioxide. 

No  Life  "Without  the  Sun. — Every  living  thing 
is  dependent  upon  the  decomposition  of  carbon  dioxide  by 
plants,  and  this  decomposition  cannot  be  effected  without 
the  aid  of  the  sun.  If  the  sun  should  stop  shining,  soon 
all  life  would  cease.  As  the  heat  of  the  sun  acting  upon 
the  great  bodies  of  water  and  on  the  air  gives  rise  to  the 
movements  of  water  which  are  essential  to  the  existence 
of  the  world  as  it  is,  so  the  action  of  the  sun's  rays  on 
carbon  dioxide,  in  the  presence  of  the  delicate  and  inex- 
plicable mechanism  of  the  leaf  of  the  plant,  gives  rise  to 
those  changes  in  the  forms  of  combination  of  the  element 
carbon  which  accompany  the  wonderful  process  of  life. 

Carbonic  Acid.— A  solution  of  carbonate  acid  in 
water  has  a  slightly  acid  reaction.  The  solution  will  act 
upon  basic  solutions  and  form  salts.  The  composition 
of  the  sodium  salt  formed  in  this  way  is  NA.,CO3  ;  that 
of  the  potassium  salt  K9CO3,  etc.  These  salts  are  plainly 
derived  from  an  acid,  H2CO3,  which  is  carbonic  acid.  It 
is  probable  that  the  acid  is  contained  in  the  solution  of 
carbon  dioxide  in  water.  It  is,  however,  so  unstable  that 
it  breaks  up  into  carbon  dioxide  and  water: 
H2C03  =  C02  +  H20. 

The  Carbonates. — When  carbon  dioxide  acts  upon 
a  base  it  forms  a  salt.  Thus,  when  potassium  hydroxide 
or  calcium  hydroxide  is  used,  the  action  which  takes 
place  is  represented  thus : 
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2KOH  +  C02  =  K2CO3  +  H20  ; 
Ca02H2  +  C02  =  CaC03  +  H2O. 

EXPERIMENT  76. — Pass  carbon  dioxide  into  a  solution  of 
caustic  potash  until  it  will  absorb  no  more.  Add  acid  to  some 
of  the  solution  thus  obtained,  and  convince  yourself  that  the  gas 
given  off  is  carbon  dioxide.  Write  the  equations  separating  the 
reactions  which  take  place  on  passing  the  carbon  dioxide  into 
the  caustic-potash  solution,  and  on  adding  an  acid  to  the  solution. 
What  evidence  have  you  that  the  gas  given  off  is  carbon  dioxide  ? 

EXPERIMENT  77. — Pass  carbon  dioxide  into  50  to  100  cc. 
clear  lime-water.  Filter  off  the  white  insoluble  substance.  Try 
the  action  of  a  little  acid  on  it.  What  evidence  have  you  that 
it  is  calcium  carbonate  ?  How  could  you  easily  distinguish 
between  lime-water  and  a  solution  of  caustic  potash  ? 

Calcium  Carbonate  Dissolves  in  Water  con- 
taining Carbon  Dioxide. — If  you  continue  to  pass 
carbon  dioxide  into  lime-water  after  the  calcium  carbonate 
has  been  formed,  the  carbonate  dissolves,  and  the  solution 
finally  becomes  clear.  If  this  solution  be  heated,  the 
carbon  dioxide  is  driven  off  and  the  calcium  carbonate 
is  again  thrown  down. 

EXPERIMENT  78. — Pass  carbon  dioxide  first  through  a  little 
water  to  wash  it,  and  then  into  50  to  100  cc.  clear  lime-water. 
After  the  solution  has  become  clear,  heat  it. 

Hard  Water. — Natural  waters  which  flow  over 
limestone  take  up  more  or  less  calcium  carbonate  by 
virtue  of  the  carbon  dioxide  which  they  absorb  from  the 
air.  Such  waters,  which  are  called  "hard  waters,"  are 
in  the  condition  of  the  solution  of  calcium  carbonate 
above  referred  to.  When  heated,  the  calcium  carbonate 
is  deposited.  This  is  frequently  noticed  in  the  deposits 
in  boilers  and  other  vessels  in  which  water  is  boiled. 
This  kind  of  hardness  is  called  "temporary  hardness," 
to  distinguish  it  from  "permanent  hardness"  which  is 
not  affected  by  boiling. 

Carbon  Monoxide,  CO. — This  compound  is  formed 
when  a  substance  containing  carbon  is  burned  in  an  in- 
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sufficient  supply  of  air,  —  as,  for  example,  when  the 
draught  in  a  furnace  is  not  strong  enough  to  remove  the 
products  of  combustion  and  supply  fresh  air.  It  can  also 
be  made  by  extracting  oxygen  from  carbon  dioxide.  It 
is  only  necessary  to  pass  the  dioxide  over  heated  carbon, 
when  the  reaction  which  is  represented  in  the  following 
equation  takes  place: 


Formation  of  Carbon  Monoxide  in  Coal- 
fires.  —  The  formation  of  carbon  monoxide  can  be  well 
observed  in  a  hard-coal  fire  in  an  open  grate.  The  air 
has  free  access  to  the  coal,  and  at  the  surface  complete 
oxidation  takes  place.  But  that  part  of  the  carbon 
dioxide  which  is  formed  at  the  lower  part  of  the  grate  is 
drawn  up  through  the  heated  coal  and  is  partly  reduced 
to  carbon  monoxide.  When  the  monoxide  escapes  from 
the  upper  part  of  the  grate  it  again  combines  with  oxy- 
gen, or  burns,  causing  the  characteristic  blue  flame 
always  noticed  above  a  mass  of  burning  hard  coal. 

Carbon  Monoxide  contained  in  Water-gas.  — 
Water-gas,  as  has  been  stated  under  Hydrogen,  is  made 
by  passing  water-vapour  over  highly  heated  coal,  when 
this  reaction  takes  place  : 


The  gas  obtained  is  therefore  a  mixture  of  carbon 
monoxide  and  hydrogen.  Before  use  it  is  enriched  by 
the  addition  of  hydrocarbons  from  petroleum.  As  carbon 
monoxide  is  poisonous,  laws  have  been  passed  in  some 
States  prohibiting  the  use  of  water-gas. 

Preparation  of  Carbon  Monoxide.  —  Carbon 
monoxide  is  most  easily  made  by  heating  oxalic  acid, 
C2H2O4,  with  sulphuric  acid.  The  change  which  takes 
place  is  represented  thus  : 

C2H2°4  =  C02  +  CO  +  H2O. 

Both  carbon  dioxide  and  monoxide  are  formed.      Both 
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are  gases.  In  order  to  separate  them  the  mixture  is 
passed  through  a  solution  of  caustic  soda,  which  takes 
up  the  carbon  dioxide  [forming  what  ?]  and  allows  the 
monoxide  to  pass. 

EXPERIMENT  79. — Put  10  grams  crystallised  oxalic  acid 
and  50-60  grams  concentrated  sulphuric  acid  in  an  appropriate- 
sized  flask.  Connect  with  two  Wolff's  flasks  containing  caustic- 
soda  solution.  Heat  the  contents  of  the  flask  gently.  Collect 
some  of  the  gas  over  water.  Set  fire  to  the  same,  and  notice  the 
characteristic  blue  flame. 

Properties  of  Carbon  Monoxide. — It  is  a  colour- 
less, tasteless,  inodorous  gas,  insoluble  in  water.  It 
burns  with  a  pale  blue  flame,  forming  carbon  dioxide. 
It  is  exceedingly  poisonous  when  inhaled.  Hence  it  is 
very  important  that  it  should  not  be  allowed  to  escape 
into  rooms  occupied  by  human  beings. 

Danger  of  Coal-stoves. — We  not  infrequently 
hear  of  deaths  caused  by  the  gases  from  coal-stoves. 
The  most  dangerous  gas  given  off  from  coal-stoves  is 
probably  carbon  monoxide.  A  pan  of  smouldering 
charcoal  gives  off  this  gas,  and  the  poisonous  character 
of  the  gas  is  well  known. 

Carbon  Monoxide  a  Reducing  Agent. — At  high 
temperatures  carbon  monoxide  has  a  very  strong  at- 
traction for  oxygen,  and  is  hence  a  good  reducing  agent. 
In  the  reduction  of  iron  from  its  ores  the  carbon  mon- 
oxide formed  in  the  blast-furnace  plays  an  important 
part. 

EXPERIMENT  80. — Pass  carbon  monoxide  over  some  heated 
>pper  oxide  contained  in  a  hard  glass  tube.  Is  the  oxide  re- 
duced ?  How  do  you  know  ?  Is  carbon  dioxide  formed  ? 
What  evidence  have  you  ?  Was  the  carbon  monoxide  free  of 
carbon  dioxide?  If  not,  what  evidence  have  you  that  carbon 
dioxide  is  formed  in  this  experiment  ? 

Illumination. — In  all  ordinary  forms  of  illumination 
we  are  dependent  upon  flames  for  the  light.  Whether 
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we  use  illuminating-gas,  a  lamp,  or  a  candle,  the  light 
comes  from  a  flame.  In  the  first  case,  the  gas  is  burned 
directly;  in  the  case  of  the  lamp,  the  oil  is  first  drawn 
up  the  wick,  then  converted  into  a  gas,  and  this  burns  ; 
while,  finally,  in  the  case  of  the  candle,  the  solid  material 
of  the  candle  is  first  melted,  then  drawn  up  the  wick, 
converted  into  gas,  and  the  gas  burns,  forming  the  flame. 
In  each  case  we  have,  then,  a  burning  gas,  and  this 
burning  gas  we  call  a  flame. 

When  Burning  G-ases  are  Cooled  Down  they 
are  Extinguished. — You  have  already  learned  that 
substances  need  to  be  raised  to  the  kindling  temperature 
before  they  will  burn.  This  statement  is  as  true  of 
gases  as  of  other  substances.  When  a  current  of 
hydrogen  is  allowed  to  escape  into  the  air,  or  into 
oxygen,  no  action  takes  place  unless  it  be  heated  up 
to  the  burning  temperature,  when  it  takes  fire  and 
continues  to  burn.  If  the  gas  be  cooled  down  ever  so 
slightly,  it  is  extinguished. 

EXPERIMENT  81. — Light  a  Bunsen  burner.  Bring  down 
upon  the  flame  a  piece  of  brass  or  iron  wire  gauze.  There  is 
no  flame  above  the  gauze.  That  the  gas  passes  through  un- 
burned  can  be  shown  by  applying  a  light  just  above  the  outlet 
of  the  burner  and  above  the  gauze.  The  gas  will  take  fire  and 
burn.  By  simply  passing  through  the  thin  wire  gauze,  then, 
the  gas  is  cooled  down  below  its  burning  temperature.  Turn 
on  a  Bunsen  burner.  Do  not  light  the  gas.  Hold  a  piece  of 
wire  gauze  about  one  and  a  half  to  two  inches  above  the  outlet. 
Apply  a  lighted  match  above  the  gauze,  when  the  gas  will  burn 
above  the  gauze,  but  not  below  it. 

The  Safety-lamp. — The  facts  illustrated  in  the  last 
experiments  are  utilised  in  the  miner's  safety-lamp.  One 
of  the  dangers  which  the  miner  has  to  encounter  is  the 
occurrence  of  fire-damp,  or  methane,  CH4,  which  with 
air  forms  an  explosive  mixture.  The  explosion  can  only 
be  brought  about  by  contact  of  a  flame  with  the  mixture. 
In  order  to  avoid  the  contact,  the  flame  of  the  safety- 
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lamp  is  surrounded  by  wire  gauze,  as  shown  in  Fig.  35. 
When  a  lamp  of  this  kind  is  brought  into  a  mixture  of 
marsh-gas  and  air,  it  of  course  passes 
through  the  wire  gauze  and  comes  in 
contact  with  the  flame.  A  small  ex- 
plosion occurs  inside  the  gauze,  but 
the  flame  inside  cannot  pass  through. 
Hence  no  serious  explosion  takes 
place.  The  flickering  of  the  flame, 
and  the  occurrence  of  small  explosions 
inside  the  gauze,  furnish  the  miner 
with  the  information  that  he  is  in 
danger. 

Causes  of  the  Luminosity  of 
Flames. — There  are  several  causes 
which  makes  flames  give  light.  One 
is  the  presence  of  solid  substances  in 
the  flame.  If  a  piece  of  platinum  wire 
be  put  in  a  hydrogen  flame  which 
gives  practically  no  light  the  flame 
becomes  luminous.  This  fact  has 
also  been  shown  by  introducing  a 
piece  of  lime  into  the  hot,  non- 
luminous  flame  of  the  oxyhydrogen 
blow-pipe.  A  similar  cause  makes 
ordinary  gas-flames  luminous.  There  FlG>  35- 

are  always  present  in  these  flames  particles  of  un- 
burned  carbon,  as  is  shown  by  putting  a  solid  substance 
into  the  flames,  when  a  layer  of  soot,  which  consists 
mainly  of  finely  divided  carbon,  is  deposited  on  it. 
Again,  the  denser  the  gas  the  more  light  it  gives.  A 
candle  on  the  top  of  a  high  mountain,  as  Mount  Blanc, 
on  which  the  experiment  was  performed,  gives  less  light 
than  the  same  candle  does  at  the  level  of  the  sea. 

Cyanogen,  C2N9. — Carbon  does  not  combine  with 
nitrogen  under  ordinary  circumstances.  If,  however, 
they  are  brought  together  at  very  high  temperatures  in 
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the  presence  of  metals,  they  combine  to  form  compounds 
known  as  cyanides.  When  refuse  animal  substances, 
such  as  blood,  horns,  claws,  hair,  wool,  etc.,  are  heated 
together  with  potassium  carbonate  and  iron,  a  substance 
known  as  potassium  ferrocyanide,  or  yellow  prussiate  of 
potash,  K4FeCfiN6+3H2O,  is  formed.  When  this  is 
simply  heated  it  decomposes,  yielding  potassium  cyanide, 
KCN.  From  the  potassium  compound  it  is  not  difficult 
to  make  mercury  cyanide,  Hg(CN)2.  By  heating  mer- 
cury cyanide  it  breaks  up,  yielding  mercury  and  cyanogen 
gas: 

Hg(CN)2=Hg+C2N2. 

[What  analogy  is  there  between  this  reaction  and  that 
which  takes  place  when  mercury  oxide  is  heated?] 

Properties. — Cyanogen  is  a  colourless  gas,  easily 
soluble  in  water  and  alcohol.  It  is  extremely  poisonous. 

Hydrocyanic  Acid,  Prussic  Acid,  HCN. — 
This  acid  occurs  in  nature  in  combination  with  other 
substances, — in  bitter  almonds,  the  leaves  of  cherry, 
laurel,  etc.  It  is  prepared  from  potassium  cyanide,  just 
as  hydrochloric  acid  is  prepared  from  sodium  chloride. 
The  reaction  is : 

2KCN  +  H2S04  =  K2S04+  2HCN. 

Properties. — Hydrocyanic  acid  is  a  volatile  liquid. 
It  has  a  very  characteristic  odour  resembling  that'of  bitter 
almonds.  It  is  extremely  poisonous.  It  dissolves  in 
water  in  all  proportions,  and  it  is  such  a  solution  which 
is  known  as  prussic  acid. 

Other  Compounds  of  Carbon.— That  part  of 
Chemistry  which  has  to  do  with  the  compounds  of  carbon 
is  commonly  called  Organic  Chemistry.  It  is  more 
convenient  to  consider  this  subject  after  the  chemistry 
of  the  other  common  elements  has  been  studied.  The 
last  part  of  this  book  will  treat  of  some  of  the  more 
common  and  better  known  compounds  of  carbon. 


CHAPTER     XIV 

ATOMIC      THEORY  ATOMIC     WEIGHTS  MOLECULAR 

WEIGHTS  —  VALENCE CLASSIFICATION     OF      THE 

ELEMENTS. 

The  Laws  of  Chemical  Action. — You  have 
learned  that  there  are  two  laws  always  governing  chemi- 
cal combination.  These  are  the  laws  of  definite  and 
multiple  proportions.  These  laws  are  simply  statements 
which  sum  up  what  has  been  found  to  be  true  in  all  cases 
examined.  They  are  statements  of  facts  discovered  by 
actual  experiment. 

"We  may  Know  a  Fact  without  Knowing  its 
Cause. — It  is  one  thing  to  know  a  general  fact,  and 
quite  another  to  know  the  cause  of  the  fact.  We  know 
that  all  bodies  are  attracted  by  the  earth,  and  that  they 
fall  when  thrown  into  the  air.  But  we  do  not  know  why 
this  is  so.  So,  too,  though  we  know  that  substances 
combine  according  to  the  laws  of  definite  and  multiple 
proportions,  it  does  not  necessarily  follow  that  we  know 
why  they  combine  according  to  these  laws. 

Hypothesis  and  Theory. — When  a  law  has  been 
discovered  by  careful  study  of  the  facts,  the  next  thing 
to  be  done  is  to  imagine  a  cause.  We  try  to  imagine  a 
condition  of  things  which,  if  it  existed,  would  lead  to  the 
results  discovered.  If  we  succeed  in  imagining  such  a 
condition  of  things  we  suggest  an  hypothesis.  If,  now, 
we  test  this  hypothesis  in  every  way  that  suggests 
itself,  and  find  that  all  facts  discovered  are  in  accord- 
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ance  with  it,  we  then  call  it  a  theory.  An  hypothesis 
is  a  guess  in  regard  to  the  cause  of  certain  phenomena. 
A  theory  is  an  hypothesis  which  has  been  thoroughly 
tested,  and  which  is  applicable  to  a  large  number  of 
related  phenomena.1 

The  Atomic  Theory. — The  atomic  theory  was 
suggested  to  account  for  the  laws  of  definite  and  multiple 
proportions.  The  theory  is  simply  this  : 

That  all  kinds  of  matter  are  made  up  of  indivisible 
particles  called  atoms  j  and  that  the  atoms  of  the  different 
elements  have  different  weights. 

Now  if,  when  substances  act  upon  one  another,  the 
action  takes  place  between  these  atoms,  and  consists 
either  in  a  union  or  separation  of  the  atoms,  then  it  is 
easy  to  understand  why  compounds  are  formed  according 
to  the  law  of  definite  and  multiple  proportions.  If  two 
elements  whose  atoms  have  weights  which  are  to  each 
other  as  2  to  9  combine  so  that  one  atom  of  the  one 
combines  with  one  atom  of  the  other,  then  the  compound 
which  is  formed  will  contain  the  elements  in  the  propor- 
tion of  2  parts  by  weight  of  the  one  to  9  parts  by  weight 
of  the  other  element.  If  they  combine  so  that  one  atom 
of  the  first  element  combines  with  two  atoms  of  the 
other,  then  the  resulting  compound  will  contain  the  ele- 
ments in  the  proportion  of  2  parts  by  weight  of  the  one 
to  1 8  parts  by  weight  of  the  other  element. 

Atomic  Weights. — The  weights  of  the  elements 
which  have  thus  far  been  referred  to  as  combining 
weights  are,  in  accordance  with  the  atomic  theory,  the 
relative  weights  of  the  atoms,  or  the  atomic  weights. 
The  symbols  of  the  elements  represent  atoms  of  the 
elements.  Thus,  H  represents  an  atom  of  hydrogen,  O 
an  atom  of  oxygen,  etc.  As  hydrogen  enters  into  com- 

1  Hypotheses  and  theories  are  of  great  value  to  science,  if  founded  upon  a 
thorough  knowledge  of  the  facts  to  which  they  relate.  They  become  danger- 
ous when  used  by  those  who  are  not  familiar  with  the  facts.  The  student 
who  has  not  received  a  thorough  scientific  training  should  remember  that 
theories  and  hypotheses,  to  be  of  value,  must  be  suggested,  not  by  a  super- 
ficial, but  by  a  thorough  knowledge  of  the  facts. 
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bination  in  smaller  proportion  than  any  other  element, 
its  combining  weight  or  atomic  weight  is  taken  as  the 
unit.  When  we  say  that  the  atomic  weight  of  oxygen  is 
1 6,  we  mean  simply  that  the  atom  of  oxygen  is  1 6  times 
heavier  than  that  of  hydrogen. 

Molecules. — As  the  symbols  of  the  elements  repre- 
sent atoms,  so  the  symbols  of  compounds  represent  com- 
binations of  atoms.  The  symbol  of  hydrochloric  acid, 
HC1,  represents,  according  to  the  theory,  the  smallest 
particle  of  this  substance  that  can  exist.  It  is  made  up 
of  an  atom  of  hydrogen  and  an  atom  of  chlorine,  which 
are  combined  chemically.  The  symbols  HNO3,  H2O, 
NHg  are  intended  to  represent  the  smallest  particles  of 
the  compounds  that  can  exist.  The  smallest  particle  of 
nitric  acid  consists  of  I  atom  of  nitrogen,  I  atom  of 
hydrogen,  and  3  atoms  of  oxygen.  These  smallest 
particles  of  compounds  are  called  molecules.  The  mole- 
cules are  made  up  of  atoms.  The  weight  of  a  molecule 
is  equal  to  the  sum  of  the  weights  of  the  atoms  of  which 
it  is  composed. 

Avogadro's  Law. — A  careful  study  of  the  conduct 
of  gases  has  led  to  the  conclusion  that  equal  'volumes  of 
all  gases  under  tJie  same  conditions  of  temperature  and 
pressure  contai?i  the  same  member  of  molecules.  This  is 
known  as  Avogadro's  law. 

The  Relative  Weights  of  Molecules  Deter- 
mined by  Weighing  Gases. — If  Avogadro's  law  is 
true,  then  by  weighing  equal  volumes  of  gaseous  sub- 
stances we  can  learn  the  relative  weights  of  the  mole- 
cules of  these  substances. 

Atomic  Weights  Learned  from  Molecular 
Weights. — If  we  knew  the  molecular  weight  of  all 
compounds  we  could  easily  determine  the  atomic  weights 
of  the  elements.  It  would  only  be  necessary  to  select 
the  smallest  quantity  of  an  element  which  occurs  in  any 
of  its  compounds.  Thus,  for  example,  if  we  were  to 
examine  all  known  oxygen  compounds  that  can  be 
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studied  in  the  form  of  gas  or  vapour,  we  should  find  that 
the  smallest  quantity  of  oxygen  found  in  any  molecule 
is  represented  by  16. 

Valence. — The  formulas  of  the  compounds  thus  far 
considered  have  all  been  determined  by  exactly  the  same 
methods.  On  comparing  the  formulas  of  the  simplest 
hydrogen  compounds  of  chlorine,  oxygen,  nitrogen,  and 
carbon,  a  curious  difference  is  observed  The  formulas  are : 
C1H,  OH2,  NH3,  CH4. 

According  to  the  atomic  theory  these  expressions 
mean  that  the  molecule  of  hydrochloric  acid  consists  of 
i  atom  of  chlorine  combined  with  I  atom  of  hydrogen  ; 
the  molecule  of  water  consists  of  i  atom  of  oxygen 
combined  with  2  atoms  of  hydrogen  ;  the  molecule  of 
ammonia  of  i  atom  of  nitrogen  and  3  atoms  of  hydro- 
gen ;  and  the  molecule  of  marsh-gas  of  i  atom  of  carbon 
and  4  atoms  of  hydrogen.  It  appears,  therefore,  that 
the  atom  of  oxygen  can  hold  in  combination  twice  as 
many  hydrogen  atoms  as  the  atom  of  chlorine  can  ;  that 
the  atom  of  nitrogen  can  hold  three  times  as  many  ;  and 
the  atom  of  carbon  four  times  as  many.  Other  atoms 
differ  from  one  another  in  the  same  way. 

That  property  of  an  element  by  virtue  of  which  its 
atom  can  hold  in  combination  a  definite  number  of  other 
atoms  is  called  valence. 

Kinds  of  Elements. — The  smallest  power,  as  far 
as  the  number  of  other  atoms  which  it  can  hold  in  com- 
bination is  concerned,  is  that  of  the  chlorine  atom.  As 
one  chlorine  atom  can  hold  but  one  hydrogen  atom  in 
combination,  so  one  hydrogen  atom  can  hold  but  one 
chlorine  atom.  Either  the  hydrogen  atom  or  the  chlor- 
ine atom  may  be  taken  as  an  example  of  the  simplest 
kind  of  atom.  An  element  like  hydrogen  or  chlorine  is 
called  a  univalent  element ;  an  element  like  oxygen  whose 
atom  can  hold  two  unit  atoms  in  combination  is  called  a 
bivalent  element;  an  element  like  nitrogen  whose  atom 
can  hold  three  unit  atoms  in  combination  is  called  a 
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trivalent  element ;  and  an  element  like  carbon  whose 
atom  can  hold  four  unit  atoms  in  combination  is  called  a 
quadrivalent  element.  Most  elements  belong  to  one  or 
the  other  of  these  four  classes. 

[Calcium  forms  with  chlorine  the  compound  CaCl2. 
What  is  the  valence  of  calcium  ?  Potassium  and  sodium 
form  chlorides  of  the  formulas  KC1  and  NaCl  respect- 
ively. What  is  the  valence  of  these  elements  ?  Sulphur 
forms  with  hydrogen  a  compound  of  the  formula  SH9. 
What  is  the  valence  of  sulphur  ?] 

Displacing  Power  of  the  Elements. — In  the 
formation  of  salts  you  have  seen  that  the  hydrogen  of 
acids  is  displaced  by  metals.  In  such  cases  one  atom 
of  a  univalent  metal  takes  the  place  of  one  atom  of 
hydrogen,  one  atom  of  a  bivalent  metal  takes  the  place 
of  two  atoms  of  hydrogen,  etc.  Thus  potassium  and 
sodium  are  univalent.  In  the  formation  of  potassium 
nitrate  from  nitric  acid,  HNO3,  one  atom  of  potassium 
displaces  one  atom  of  hydrogen  in  the  molecule  of  nitric 
acid,  forming  the  salt  KNO3.  So  also  sodium  nitrate  is 
NaNO3.  In  the  molecule  of  sulphuric  acid,  H2SO4, 
there  are  two  atoms  of  hydrogen.  To  displace  these, 
two  atoms  of  a  univalent  element  are  required.  Thus, 
potassium  sulphate  is  K2SO4,  and  sodium  sulphate  is 
Na2SO4.  Examples  of  salts  containing  bivalent  metals 
are  the  following  :  zinc  sulphate,  ZnSO4,  in  which  one 
atom  of  bivalent  zinc  has  displaced  the  two  atoms  of 
hydrogen  of  the  sulphuric  acid  ;  barium  sulphate,  BaSO4, 
in  which  one  atom  of  bivalent  barium  has  displaced  the 
two  atoms  of  hydrogen  of  sulphuric  acid.  When  a 
bivalent  metal  forms  a  salt  with  an  acid  like  nitric  acid, 
which  contains  but  one  atom  of  hydrogen  in  the  mole- 
cule, it  is  believed  that  one  atom  of  the  metal  acts  upon 
two  molecules  of  the  acid,  thus  : 

HNOo 
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or 

Cu  +  2HN03  -  Cu(N03)2  +  H2. 

The  formula  of  zinc  nitrate  is  similar,  viz.,  Zn(NO3)2. 
In  the  case  of  trivalent  elements  the  matter  is  a  little 
more  complicated,  but  still  simple  enough  if  it  be  borne 
in  mind  that  a  univalent  atom  displaces  one  atom  of 
hydrogen  ;  a  bivalent  atom  displaces  two  atoms  of 
hydrogen  ;  a  trivalent  atom  displaces  three  atoms  of 
hydrogen,  etc. 

CLASSIFICATION  OF  THE  ELEMENTS. 

Acid  Properties  and  Basic  Properties. — The 
chemical  properties  which  force  themselves  upon  our 
attention  most  prominently  in  whatever  field  of  chemistry 
we  may  be  working  are  those  which  are  known  as  acid 
properties  and  basic  properties.  As  has  already  been 
pointed  out,  these  two  kinds  of  properties  are  the  op- 
posite of  each  other.  No  matter  how  much  chemistry 
may  grow,  it  is  certain  that  the  distinction  between  these 
two  kinds  of  properties  will  always  be  recognised  as 
important. 

Acid -forming  Elements  and  Base -forming 
Elements. — In  general,  both  acids  and  bases  contain 
hydrogen  and  oxygen.  There  are  some  elements  whose 
compounds  with  hydrogen  and  oxygen  have  basic  pro- 
perties, and  others  whose  compounds  with  Jiydrogen  and 
oxygen  have  acid  properties.  This  important  fact  may 
be  used  as  the  basis  of  a  partial  classification  of  the 
elements.  According  to  this,  we  have  (i)  acid-forming 
elements  and  (2)  base-forming  elejnents.  Examples  of 
the  first  class  are  chlorine,  nitrogen,  and  sulphur.  Ex- 
amples of  the  second  class  are  sodium,  calcium,  magne- 
sium, etc.  The  last  mentioned  are  generally  called 
metals,  and  the  acid-forming  elements  are  generally 
called  non-metals. 

Families   of  Elements. — Another  important    fact 


xiv        CLASSIFICATION  OF  THE  ELEMENTS 


127 


which  is  soon  recognised  in  studying  the  elements  is  that 
they  fall  into  families  according  to  their  chemical  pro- 
perties, the  members  of  the  same  family  showing  striking 
resemblances  among  one  another.  Thus,  there  is  the 
chlorine  family,  which  includes,  besides  chlorine  itself, 
)romine,  iodine,  and  fluorine.  Further,  there  is  the 

ilphur  family,  consisting  of  the  closely  related  elements 

ilphur,  selenium,  and  tellurium  ;  besides  other  families, 
tn  all  these  cases  the  resemblance  between  members  of 

ic  same  family  is  striking. 
Families    of   the    Acid -forming-    Elements. — 

rirst,  we  shall  have  the  following  families  to  deal  with  : 


CHLORINE 
FAMILY. 


SULPHUR 
FAMILY. 


NITROGEN 
FAMILY. 


CARBON 
FAMILY. 


Chlorine,  Sulphur,  Nitrogen,  Carbon, 

Bromine,  Selenium,  Phosphorus,          Silicon. 

Iodine,  Tellurium.  Arsenic, 

Fluorine.  Antimony. 

As  the  object  of  your  present  study  is  to  get  a  general 
idea  of  the  principles  of  chemistry,  it  will  not  be  neces- 

iry  to  go  into  details  in  dealing  with  these  families. 
One  member  of  each  family,  except  the  sulphur  family, 
having  been  treated  comparatively  fully,  the  other  mem- 

>rs  may  be  treated  briefly.  The  members  of  the  sulphur 
imily  resemble  oxygen  somewhat,  but .  also  differ  from 
it  in  many  respects.  It  will  thus  be  possible  to  get  a 
clearer  idea  of  the  principles  of  chemistry  than  by 
attempting  to  study  a  large  number  of  facts. 


CHAPTER   XV 

THE    CHLORINE    FAMILY  :     CHLORINE,  BROMINE, 
IODINE,  FLUORINE 

Introduction.— The  three  members  of  this  family 
which  show  the  most  marked  resemblance  are  chlorine, 
bromine,  and  iodine.  Fluorine  is  not  known  in  the  un- 
combined  state.  Its  compounds,  however,  resemble  the 
compounds  of  chlorine,  and  hence  the  element  is  gener- 
ally included  in  this  family. 

Bromine  (At,  Wt.  80). — This  element  occurs  in 
nature  in  company  with  chlorine.  Chlorine,  as  has  been 
stated,  occurs  mostly  in  combination  with  sodium,  as 
sodium  chloride,  or  common  salt.  In  several  of  the 
great  salt-beds  there  is  some  bromine  in  the  form  of 
sodium  bromide,  NaBr,  and  in  some  places  it  occurs  as 
potassium  bromide,  KBr. 

Preparation  of  Bromine. — The  method  is  the  same 
as  that  made  use  of  for  extracting  chlorine.  In  order 
to  get  chlorine  out  of  common  salt,  the  salt  is  first  con- 
verted into  hydrochloric  acid,  and  this  is  then  oxidised. 
So,  too,  in  order  to  get  bromine  out  of  sodium  bromide, 
the  bromide  must  first  be  converted  into  hydrobromic 
acid,  and  this  then  oxidised.  The  reactions  are 

2NaBr  +  H2SO4  =  Na2SO4  +  2HBr  ; 
2HBr  +  0=  H2O  +  2Br. 

Properties  of  Bromine. — Bromine  is  a  heavy 
dark-red  liquid  at  ordinary  temperatures  which  is  easily 
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converted  into  a  brownish -red  vapour.  It  has  an  ex- 
tremely disagreeable  odour.  Hence  its  name  from  a 
Greek  word  meaning  a  stench.  Its  properties  are,  in 
general,  like  those  of  chlorine.  It  acts  violently  upon 
organic  substances.  It  attacks  the  skin  and  the  mem- 
branes lining  the  passages  of  the  throat  and  lungs. 
Wounds  caused  by  the  liquid  coming  in  contact  with  the 
skin  are  painful  and  heal  with  difficulty.  It  must,  there- 
fore, be  handled  with  great  care.  It  combines  with 
many  elements  directly  and  with  great  energy,  its  com- 
pounds with  other  elements  being  called  bromides. 
While  acting  in  general  in  the  same  way  as  chlorine,  it 
is  a  somewhat  weaker  element,  so  that  chlorine  drives  it 
out  of  its  compounds  and  sets  it  free. 

EXPERIMENT  82. — Mix  together  about  a  gram  of  potassium 
bromide  and  two  grams  of  manganese  dioxide.  Pour  upon  the 
mixture  in  a  good-sized  test-tube  sufficient  dilute  sulphuric  acid 
to  cover  it.  Heat  gently.  What  do  you  observe  ?  Perform 
this  experiment  where  there  is  a  good  draught. 

Hydrobromic  Acid,  HBr. — The  only  compound 
which  bromine  forms  with  hydrogen  alone  is  hydro- 
bromic  acid.  This  is  in  all  respects  very  much  like 
lydrochloric  acid. 

EXPERIMENT  83. — In  a  test-tube  put  a  few  crystals  of  potas- 
sium bromide.  Pour  on  them  a  few  drops  of  concentrated 
sulphuric  acid.  The  white  fumes  of  hydrobromic  acid  and  the 
reddish-brown  vapour  of  bromine  are  noticed.  Treat  a  few 
crystals  of  potassium  or  sodium  chloride  in  the  same  way. 
What  difference  is  there  between  the  two  cases  ?  The  explana- 
tion of  the  difference 'observed  is  that  sulphuric  acid  decomposes 
hydrobromic  acid,  setting  bromine  free,  while  it  does  not 
decompose  hydrochloric  acid. 

Compounds  with  Hydrogen   and  Oxygen. — 

WTith  hydrogen  and  oxygen  bromine  forms  compounds 

which  resemble  very  closely  those  which  chlorine  forms 

with  the  same  elements.     The  principal  ones  are  bromic, 

K 
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HBrO3,  and  hypobromous  acids,  HBrO,  which  are  like 
chloric  and  hypochlorous  acids. 

Iodine,  I  (At.  Wt.  127). — This  element  occurs  in 
nature  in  combination  with  sodium,  in  company  with 
chlorine  and  bromine,  but  in  smaller  quantity  than  either. 
It  is  also  found  in  larger  quantity  in  sea-plants.  It  is 
obtained  largely  from  the  latter  source.  On  the  coasts 
of  Scotland  and  France  the  sea-weed  which  is  thrown  up 
by  storms  is  gathered,  dried,  and  burned.  The  organic 
portions  are  thus  destroyed  [what  is  the  meaning  of  the 
word  destroyed  used  in  this  sense  ?],  and  the  mineral  or 
earthy  portions  are  left  behind  as  ashes.  The  incom- 
bustible residue  is  called  kelp.  It  contains  sodium 
iodide.  At  present,  in  some  parts  of  the  ocean,  sea- 
weed is  cultivated  for  the  sake  of  the  iodine  which  it 
yields.  Chili  saltpetre,  or  the  natural  sodium  nitrate 
found  in  Chili,  contains  some  sodium  iodide,  and  of  late 
this  has  furnished  a  considerable  quantity  of  the  iodine 
of  commerce. 

Preparation  of  Iodine. — Iodine  is  prepared  from 
sodium  iodide,  just  as  chlorine  and  bromine  are  prepared 
from  their  compounds  with  sodium  and  potassium. 

Properties  of  Iodine. — At  ordinary  temperatures 
iodine  is  a  grayish-black,  crystallised  solid.  It  melts 
easily  and  boils,  forming  a  violet-coloured  vapour. 

EXPERIMENTS^ — Mix  about  one  gram  potassium  iodide  with 
about  twice  its  weight  of  manganese  dioxide.  Treat  with  a 
little  sulphuric  acid  in  a  test-tube.  Heat  gently.  Gradually 
the  tube  will  be  filled  with  the  beautiful  coloured  vapour  of 
iodine.  In  the  upper  part  of  the  tube  some  of  the  iodine  will 
be  deposited  in  the  form  of  crystals  of  a  grayish-black  colour. 

Iodine  dissolves  slightly  in  water,  easily  in  alcohol, 
and  easily  in  a  water  solution  of  potassium  iodide. 

EXPERIMENT  85. — Make  solutions  of  iodine  in  water,  in 
alcohol,  and  in  a  water  solution  of  potassium  iodide.  Use  small 
quantities  in  test-tubes. 

When  a  solution  containing  free  iodine  is  treated  with 
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a  little  starch -paste  the  solution  turns  blue,  in  conse- 
quence of  the  formation  of  a  complicated  compound  of 
starch  and  iodine.  Bromine  and  chlorine  do  not  form 
blue  compounds.  Advantage  is  taken  of  this  fact  to 
distinguish  between  iodine  and  other  members  of  the 
family. 

EXPERIMENT  86. — Make  some  starch-paste  by  covering  a 
few  grains  of  starch  in  a  porcelain  evaporating-dish  with  cold 
water,  grinding  this  to  a  paste,  and  pouring  200-300  cc.  boiling 
hot  water  on  it.  After  cooling  add  a  little  of  this  paste  to  a 
dilute  water  solution  of  iodine.  What  change  takes  place  ? 
Now  add  a  little  of  the  paste  to  a  diluted  water  solution  of 
potassium  iodide.  Is  there  any  change  of  colour  ?  Add  a 
drop  or  two  of  a  solution  of  chlorine  in  water.  What  takes 
place?  Explain  what  you  have  seen.  Does  chlorine  alone 
form  a  blue  compound  with  starch  ? 

Hydriodic  Acid,  HI,  is  analogous  to  hydrochloric 
and  hydrobromic  acids.  It  is  set  free  from  the  iodides 
by  treating  them  with  sulphuric  acid ;  but  it  is  even 
more  unstable  than  hydrobromic  acid,  and  hence  breaks 
up  into  hydrogen  and  iodine.  The  iodine  is  set  free, 
while  the  hydrogen  acts  on  the  sulphuric  acid,  as  it  does 
in  the  case  of  hydrobromic  acid. 

EXPERIMENT  87. — Treat  a  few  small  crystals  of  potassium 
iodide  with  sulphuric  acid.  [What  do  you  notice  ?]  Compare 
with'  the  results  obtained  when  potassium  bromide  and  sodium 
chloride  are  used. 

Fluorine  occurs  in  nature  in  large  quantity,  and 
widely  distributed,  but  always  in  combination  with  other 
elements.  It  is  found  chiefly  in  combination  with 
calcium,  as  fluor-spar,  or  calcium  fluoride,  CaF2,  and  in 
combination  with  sodium  and  aluminium,  as  cryolite, 
a  mineral  which  occurs  abundantly  in  Greenland,  and 
has  the  composition  3NaF  .  A1F3,  being  a  complex  com- 
pound of  sodium  fluoride  and  aluminium  fluoride.  The 
element  fluorine  has  not  been  obtained  in  the  free  state. 

Hydrofluoric  Acid,  HF,  is  made  from  fluor-spar 
by  treating  it  with  sulphuric  acid.  The  action  is  of  the 
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same  character  as  that  which  takes  place  when  hydro- 
chloric acid  is  liberated  from  sodium  chloride  : 

CaF2  +  H2SO4  =  CaSO4  +  2HF. 

It  is  a  colourless  gas,  with  strong  acid  properties.  It 
greatly  irritates  the  membranes  lining  the  throat  and 
lungs,  and  hence  care  should  be  taken  not  to  inhale  it. 
It  acts  upon  glass,  dissolving  it,  and  must  therefore  be 
kept  in  vessels  of  rubber,  lead,  or  platinum,  upon  which 
it  does  not  act. 

Etching  on  Glass. — The  acid  is  used  for  etching 
on  glass,  particularly  for  marking  scales  on  thermometers, 
barometers,  and  other  graduated  glass  instruments.  A 
solution  of  the  gas  in  water  is  manufactured  for  this 
purpose  and  kept  in  rubber  bottles. 

EXPERIMENT  88. — In  a  lead  or  platinum  vessel  put  a  few 
grams  (5-6)  of  powdered  fluor-spar,  and  pour  on  it  enough  con- 
centrated sulphuric  acid  to  make  a  thick  paste.  Cover  the 
surface  of  a  piece  of  glass  with  a  thin  layer  of  wax  or  paraffin, 
and  through  this  scratch  some  letters  or  figures,  so  as  to  leave 
the  glass  exposed  where  the  scratches  are  made.  Put  the  glass 
with  the  waxed  side  downward  over  the  vessel  containing  the 
fluor-spar,  and  let  it  stand  for  some  hours.  Then  take  off  the 
glass,  scrape  off  the  coating,  and  the  figures  which  were  marked 
through  the  wax  or  paraffin  will  be  found  etched  on  the  glass. 

Comparison  of  the  Members  of  the  Chlorine 
Family. — In  considering,  first,  the  physical  properties 
of  these  elements,  you  notice  that  all,  with  the  exception 
of  fluorine,  form  coloured  gases  or  vapours.  At  ordinary 
temperatures  chlorine  is  a  gas,  bromine  a  liquid,  and 
iodine  a  solid.  In  regard  to  their  chemical  conduct,  it 
may  be  said  that,  in  general,  fluorine  is  the  most  active; 
chlorine  comes  next  in  order,  then  bromine,  and  lastly 
iodine. 

Their  Compounds. — The  compounds  formed  by 
the  three  elements  chlorine,  bromine,  and  iodine  with 
hydrogen  and  oxygen  have  analogous  compositions,  and 
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are  formed  by  analogous  reactions.  Thus,  there  are  the 
hydrogen  compounds  : 

HC1,     HBr,     and     HI; 
and  the  compounds  with  hydrogen  and  oxygen  : 

HC1O,     HBrO.        — 
HC1O2.       —  — 

HC1O3,   HBrO3,   HIO3. 
HC1O4,   HBr04,   HIO4. 

Relations  between  the  Atomic  Weights. — On 

comparing  the  atomic  weights  of  chlorine,  bromine,  and 
iodine,  it  will  be  seen  that  the  atomic  weight  of  bromine, 
which  is  80,  is  nearly  the  mean  of  the  atomic  weights  of 
chlorine  and  iodine. 

35.5      +       127      =      162.5; 

At.  Wt.  of         At.  Wt.  of 
chlorine.  iodine. 

162.5 

and =  81.25,  which  is  nearly  the  atomic  weight 

of  bromine. 

Relation  between  the  Properties  of  the  Ele- 
ments and  their  Atomic  Weights. — The  properties 
of  the  three  elements  chlorine,  bromine,  and  iodine  vary 
with  the  variations  in  their  atomic  weights,  or  with  the 
weights  of  their  atoms.  The  gradation  in  properties 
takes  place  in  the  order  chlorine,  bromine,  iodine,  and 
this  is  also  the  order  in  which  the  atomic  weights  in- 
crease. This  may  be  a  mere  coincidence,  but  we  shall 
find  that  in  the  other  families  there  are  similar  indica- 
tions of  a  close  connection  between  the  weights  of  the 
atoms  of  the  elements  and  their  physical  and  chemical 
properties. 


CHAPTER    XVI 

THE  SULPHUR  FAMILY  :    SULPHUR,  SELENIUM, 
TELLURIUM. 

Sulphur,  S  {At.  Wt.  32). — The  principal  member 
of  the  family  is  sulphur.  In  nature  it  is  frequently  found 
accompanied  by  small  quantities  of  selenium,  and  some- 
times by  tellurium.  It  has  been  known  in  the  element- 
ary form  from  the  earliest  times,  for  the  reason  that  it 
occurs  abundantly  in  this  form  in  nature.  It  is  found 
particularly  in  the  neighbourhood  of  volcanoes,  as  in 
Sicily,  which  is  the  chief  source  of  the  sulphur  of  com- 
merce. It  occurs,  further,  in  combination  with  many 
metals  as  sulphides, — as  in  iron  pyrites,  FeS2  ;  copper 
pyrites,  FeCuS2 ;  galenite,  PbS,  etc.  ;  in  combination 
with  metals  and  oxygen  as  sulphates, — for  example,  as 
calcium  sulphate,  or  gypsum,  CaSO4+2H2O;  barium 
sulphate,  or  heavy  spar,  BaSO4  ;  lead  sulphate,  PbSO4  ; 
and  in  a  few  vegetable  and  animal  products  in  combi- 
nation with  carbon,  hydrogen,  and,  generally,  with 
nitrogen. 

Extraction  of  Sulphur  from  its  Ores. — When 
taken  from  the  mines,  sulphur  is  mixed  with  many 
earthy  substances  from  which  it  must  be  separated. 
This  separation  is  accomplished  by  piling  the  ore  in  such 
a  way  as  to  leave  passages  for  air.  The  piles  are 
covered  with  some  material  to  prevent  free  access  of 
air,  and  the  mass  is  then  lighted  below.  A  part  of  the 
sulphur  burns,  and  the  heat  thus  furnished  melts  the 
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rest  of  the  sulphur.  The  molten  sulphur  runs  down  to 
the  bottom  of  the  pile,  and  is  drawn  off  from  time  to 
time. 

[If  the  pile  were  not  protected  from  free  access  of 
air  what  would  become  of  the  sulphur  ?  What  analogy 
is  there  between  this  process  and  that  made  use  of  in 
making  charcoal  ?  What  are  the  essential  differences 
between  the  two  processes  ?] 

How  Sulphur  is  Refined. — The  crude  brimstone 
first  obtained  is  afterwards  refined  by  distillation,  and  it 
is  this  distilled  sulphur  which  is  met  with  in  commerce 
under  the  names  "  roll  brimstone,"  "  stick  sulphur,"  and 
"  flowers  of  sulphur."  The  distillation  is  carried  on  in 
earthenware  retorts  connected  with  large  chambers  of 
brick-work.  When  the  vapour  of  sulphur  first  comes  over 
into  the  condensing  chamber  it  is  suddenly  cooled,  and 
hence  deposited  in  the  form  of  fine  powder.  This  is 
what  is  called  "  flowers  of  sulphur."  After  the  distilla- 
tion has  continued  for  some  time  the  vapour  condenses  in 
the  form  of  a  liquid,  which  collects  at  the  bottom  of  the 
chamber.  This  is  drawn  off  into  wooden  moulds  and 
takes  the  form  of  "  roll  brimstone  "  or  "  stick  sulphur." 

Properties  of  Sulphur. — Sulphur  is  a  yellow, 
brittle  substance,  which  at—  50°  is  almost  colourless.  It 
melts  at  1 1 1  °,  forming  a  thin,  straw-coloured  liquid. 
When  heated  to  a  higher  temperature  it  becomes  darker 
and  darker  in  colour,  and  at  200°  to  250°  it  is  so  thick 
that  the  vessel  containing  it  may  be  turned  upside  down 
without  danger  of  running  out.  Finally,  at  440°  it  boils, 
md  is  then  converted  into  brownish-yellow  vapour. 

EXPERIMENT  89. — Distil  about  10  grams  of  roll  sulphur 
from  an  ordinary  glass  retort.  The  retort  need  not  be  connected 
with  a  condenser.  Notice  the  changes  above  described.  Col- 
:t  the  liquid  sulphur  which  passes  over  in  a  beaker-glass 
containing  cold  water. 

Crystals  of  Sulphur.  —  When  molten  sulphur 
solidifies,  or  when  it  is  deposited  from  a  solution, 
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its  particles  arrange  themselves  in  regular  forms  called 
crystals.  But,  strange  to  say,  the  crystals  formed  from 
molten  sulphur  are  entirely  different  from  those  deposited 
from  solutions  of  sulphur.  Substances  which  crystallise 
in  two  distinct  forms  are  called  dimorphous.  Carbon, 
like  sulphur,  crystallises  in  two  different  forms  [what  are 
they  ?],  and  is  hence  dimorphous. 

EXPERIMENT  90. — In  a  covered  sand  or  Hessian  crucible 
melt  about  20  grams  of  roll  sulphur.  Let  it  cool  slowly,  and 
when  a  thin  crust  has  formed  on  the  surface  make  a  hole  through 
this  and  pour  out  the  liquid  part  of  the  sulphur.  The  inside  of 
the  crucible  will  be  found  lined  with  honey-yellow  needles. 
Take  out  a  few  crystals  and  examine  them.  Are  they  brittle 
or  elastic  ?  What  is  their  colour  ?  Are  they  opaque,  trans- 
parent, or  translucent?  Lay  the  crucible  aside,  and  in  the 
course  of  a  few  days  again  examine  the  crystals.  What  changes, 
if  any,  have  taken  place  ? 

Solution  of  Sulphur. — Sulphur  is  insoluble  in 
water,  slightly  soluble  in  alcohol  and  ether.  It  dis- 
solves in  the  liquid  compound  of  carbon  and  sulphur 
known  as  carbon  disulphide,  CS2,  and  from  this  solution 
it  is  deposited  in  crystals  quite  different  from  those  ob- 
tained in  Experiment  90. 

EXPERIMENT  91. — Dissolve  2  to  3  grams  roll  sulphur  in  5 
to  10  cc.  carbon  disulphide.  Put  the  solution  in  a  shallow 
vessel,  and  allow  the  carbon  disulphide  to  evaporate  by  standing 
in  the  air.  What  is  the  appearance  of  the  crystals  ?  Are  they 
dark  yellow  or  bright  yellow  ?  Are  they  brittle  or  elastic  ? 
[State  in  tabular  form  the  properties  of  the  two  allotropic  forms 
of  sulphur.] 

Chemical  Conduct  of  Sulphur. — Sulphur  com- 
bines with  oxygen  when  heated  to  a  sufficiently  high 
temperature.  The  product  is  sulphur  dioxide,  SO2. 
[Is  there  any  analogy  between  carbon  and  sulphur  in 
this  respect  ?]  It  combines  readily  with  most  metals, 
forming  sulphides.  Its  combination  with  iron  has 
already  been  shown  in  Experiment  12.  It  also  com- 
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bines  with  copper,  the  act  being  accompanied  by  light 
and  heat. 

EXPERIMENT  92. — In  a  wide  test-tube  heat  some  sulphur  to 
boiling.  Introduce  into  it  small  pieces  of  copper-foil  or  sheet- 
copper.  Or  hold  a  narrow  piece  of  sheet-copper  so  that  the 
end  just  dips  into  the  boiling  sulphur.  What  evidence  have 
you  that  action  takes  place  ? 

Hydrogen  Sulphide,  Sulphuretted  Hydrogen, 
H2S. — When  hydrogen  is  passed  over  highly  heated 
sulphur  the  two  elements  combine  to  form  hydrogen 
sulphide.  [Is  there  any  anology  between  this  process 
and  the  formation  of  water  by  the  burning  of  hydrogen  ?] 
This  compound  of  sulphur  and  hydrogen  occurs  in 
nature  in  solution  in  the  so-called  "sulphur  waters," 
which  are  met  with  in  many  parts  of  this  country  as  well 
as  in  other  countries.  It  also  issues  from  the  earth  in 
some  places.  It  is  formed  by  heating  organic  sub- 
stances which  contain  sulphur,  just  as  water  is  formed 
by  heating  organic  substances  which  contain  oxygen, 
and  ammonia  by  heating  such  as  contain  nitrogen.  It 
is  formed,  further,  by  decomposition  of  organic  sub- 
stances which  contain  sulphur,  as,  for  example,  the 
albumen  of  eggs.  The  odour  of  rotten  eggs  is  partly 
due  to  the  formation  of  hydrogen  sulphide.  [How  is 
it  that  paraffin,  p.  106,  heated  with  sulphur  gives  off 
hydrogen  sulphide  ?] 

Preparation  of  Hydrogen  Sulphide. — It  is  made 
in  the  laboratory  by  heating  a  sulphide  with  an  acid. 
When  sulphuric  acid  acts  upon  iron  sulphide,  hydrogen 
sulphide  is  given  off  thus  : 

FeS  +  H2SO4  =  FeSO4  +  H2S. 
Hydrochloric  acid  acts  in  a  similar  way  : 
FeS  +  2HCl  =  FeCl2+H2S. 

EXPERIMENT  93. — Arrange  an  apparatus  as  shown  in  Fig. 
36.  Put  a  small  handful  of  sulphide  of  iron,  FeS,  in  the  flask, 
and  pour  dilute  sulphuric  acid  upon  it.  Pass  the  gas  through  a 
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little  water  contained  in  the  wash -cylinder  A.  Pass  some  of 
the  gas  into  water.  What  evidence  have  you  that  it  dissolves  ? 
— Collect  some  by  displacement  of  air.  It  is  heavier  than 
air  (specific  gravity  1.178).  Should  the  vessel  be  placed  with 
the  mouth  down  or  up  ?  Set  fire  to  some  of  the  gas  contained 
in  a  cylinder.  If  there  is  free  access  of  air  the  sulphur  burns  to 
sulphur  dioxide,  and  the  hydrogen  to  water. 


FIG.  36. 

Properties  of  Hydrogen  Sulphide.  —  Hydrogen 
sulphide,  or,  as  it  is  commonly  called,  sulphuretted 
hydrogen,  is  a  colourless,  transparent  gas.  It  has  a 
disagreeable  odour,  somewhat  resembling  that  of  rotten 
eggs.  It  is  poisonous  when  inhaled  in  any  quantity. 
It  dissolves  in  water,  forming  a  solution  which  has  the 
odour  of  the  gas.  Most  metals  when  heated  in  the  gas 
are  converted  into  sulphides.  Thus,  when  it  is  passed 
over  heated  iron  this  reaction  takes  place  : 


[What  takes  place  when  water  vapour  is  passed  over 
heated  iron  ?] 

Precipitation  of  Sulphides.  —  Many  of  the  sul- 
phides are  insoluble  in  water.  Hence,  when  hydrogen 
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sulphide  is  passed  through  solutions  containing  metals 
in  the  form  of  soluble  salts,  the  insoluble  sulphides  are 
thrown  down,  or  precipitated. 

EXPERIMENT  94.  —  Pass  hydrogen  sulphide  successively 
through  solutions  containing  a  little  lead  nitrate,  zinc  sulphide, 
and  arsenic  prepared  by  dissolving  a  little  white  arsenic,  or 
arsenic  trioxide,  As2O3,  in  dilute  hydrochloric  acid.  What  do 
you  observe  in  each  case  ?  The  substances  formed  are  respect- 
ively the  sulphides  of  lead,  zinc,  and  arsenic.  The  reaction  in 
the  case  of  zinc  sulphate  is  represented  thus  : 

ZnS04  +  H2S  =  ZnS  +  H2SO,. 

Chemical  Analysis. — In  dealing  with  chemical 
substances  the  first  thing  we  have  to  determine  is  their 
composition,  or,  in  other  words,  we  have  to  analyse 
them.  For  this  purpose  we  must  first  know  the  proper- 
ties of  the  elements  and  their  conduct  towards  chemical 
substances.  To  facilitate  the  process  of  analysis  the 
mixture  to  be  examined  is  usually  brought  into  solution 
and  then  treated  successively  with  certain  substances, 
the  effect  being  observed  in  each  case.  Suppose  we 
had  a  solution  containing  most  of  the  metallic  elements 
in  the  form  of  salts.  If  we  were  to  pass  hydrogen  sul- 
phide through  this  solution,  some  of  the  metals  would 
be  precipitated  as  sulphides,  while  others  would  remain 
in  solution,  as  their  sulphides  are  soluble.  The  precipi- 
tated sulphides  could  then  be  filtered  off  and  examined, 
and  the  filtered  solution  also  could  be  further  examined. 
Hydrogen  sulphide  is  constantly  made  use  of  in  the 
laboratory  for  the  purposes  of  analysis. 


COMPOUNDS  OF  SULPHUR  WITH  OXYGEN,  AND 
WITH  HYDROGEN  AND  OXYGEN. 

Formation  of  the  Compounds  of  Sulphur. — 
When  sulphur  burns  in  the  air,  the  dioxide,  SO2,  is 
formed.  Under  certain  conditions  the  dioxide  combines 
with  more  oxygen,  forming  the  trioxide,  SO.r  When 
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sulphur  dioxide  acts  upon  water,  sulphttrous  add  is 
formed  : 

502  +  H20  =  H2S03. 

[What  analogy  is  there  between  the  acid  thus  formed 
and  carbonic  acid  ?] 

When  the  trioxide  combines  with  water,  sulphuric 
acid  is  formed  : 

503  +  H20  =  H2S04. 

Sulphur  Dioxide,  SO2. — This  compound  is  formed 
by  burning  sulphur  in  the  air  or  in  oxygen.  It  issues 
from  volcanoes  in  large  quantities.  It  is  best  prepared 
by  heating  copper  with  sulphuric  acid.  We  should 
naturally  expect  the  copper  simply  to  take  the  place  of 
the  hydrogen  of  the  acid,  thus  : 

Cu  +  H2SO4  =  CuSO4  +  2H. 

Probably  this  action  takes  place  first.  But  the  hydrogen 
acts  upon  the  sulphuric  acid,  reducing  it  and  forming 
sulphur  dioxide  : 

H2SO4  +  2H  =  2H20  +  SO2. 

[Compare  the  action  of  copper  on  sulphuric  acid 
with  that  of  copper  on  nitric  acid.  What  analogy  is 
there  between  the  two  cases  ?] 

EXPERIMENT  95. — Put  eight  or  ten  pieces  of  sheet-copper, 
one  to  two  inches  long  and  about  half  an  inch  wide,  into  a 
5OO-CC.  flask  ;  pour  15  to  20  cc.  concentrated  sulphuric  acid 
upon  it.  On  heating,  sulphur  dioxide  will  be  evolved.  The 
moment  the  gas  begins  to  come  off,  lower  the  flame,  and  keep 
it  at  such  a  height  that  the  evolution  is  regular  and  not  too 
active.  Pass  some  of  the  gas  into  a  bottle  containing  water. 
Collect  a  vessel  full  by  displacement  of  air.  It  is  more  than 
twice  as  heavy  as  air.  See  whether  the  gas  will  burn  or 
support  combustion. 

Properties  of  Sulphur  Dioxide. — Sulphur  dioxide 
is  a  colourless  gas  of  an  unpleasant,  suffocating  odour, 
familiar  to  every  one  as  that  of  burning  sulphur-matches 
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Water    dissolves   it   readily.      It  bleaches   readily,  and 
stops  fermentation. 

EXPERIMENT  96. — Burn  a  little  sulphur  in  a  porcelain 
crucible  under  a  bell-jar.  Place  over  the  crucible  on  a  tripod 
some  flowers.  In  the  atmosphere  of  sulphur  dioxide  the 
flowers  will  be  bleached. 

Uses  of  Sulphur  Dioxide. — It  is  used  extensively 
for  the  purpose  of  bleaching  wool,  silk,  straw,  paper, 
etc.  ;  and,  further,  to  preserve  liquids  which  have  a 
tendency  to  undergo  fermentation.  If  left  in  the  air, 
fruit-juices  become  sour  in  consequence  of  fermentation. 
As  sulphur  dioxide  prevents  fermentation,  the  juices  are 
kept  sweet  if  treated  with  something  which  gives  off  the 
gas,  as,  for  example,  a  sulphite.  The  principal  use  of 
sulphur  dioxide  is  in  the  manufacture  of  sulphuric  acid. 
For  this  purpose  it  is  made  in  enormous  quantities. 

Sulphurous  Acid  and  Sulphites. — The  solution 
of  sulphur  dioxide  in  water  has  acid  properties,  and 
contains  the  acid  H2SO3.  By  neutralising  the  solution 
with  bases,  the  sulphites,  or  salts  of  sulphurous  acid, 
are  obtained.  The  sulphites  are  analogous  to  the 
carbonates  in  composition,  and  suffer  the  same  decom- 
position when  treated  with  acids.  When  a  carbonate 
is  treated  with  an  acid,  carbon  dioxide  is  given  off.  So, 
also,  when  a  sulphite  is  treated  with  an  acid,  sulphur 
dioxide  is  given  off : 

Na2S03  +  H2S04  =  Na2S04  +  H2O  +  SO2  ; 
Na2SO3+  2HC1  =  2NaCl  +  H2O  +  SO2. 

Sulphuric  Acid,  H2SO4. — Salts  of  sulphuric  acid 
are  found  in  nature,  as  gypsum,  heavy  spar,  etc.  It 
cannot  easily  be  prepared  from  its  salts,  as  hydrochloric 
and  nitric  acids  are  prepared,  and  is  made  exclusively 
by  oxidising  sulphur  dioxide  in  the  presence  of  water, 
or,  in  other  words,  by  oxidising  sulphurous  acid.  The 
reactions  involved  in  the  manufacture  of  sulphuric  acid 
are  : 
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S  +  02     =  S02  ; 

SO2       +  H2O  =  H2SOB  ; 
H2S03  +  0       =H2S02. 

The  last  reaction  cannot  readily  be  effected  directly  by 
the  action  of  the  hydrogen  of  the  air,  but  an  extremely 
interesting  method  has  been  devised  by  which  the 
oxygen  of  the  air  is  constantly  transferred  to  the 
sulphurous  acid. 

How  Nitric  Oxide  Acts  in  Oxidising  Sulphur- 
ous Acid.  —  The  method  depends  partly  upon  the 
power  of  nitric  oxide,  NO,  to  combine  directly  with 
the  oxygen  of  the  air  to  form  nitrogen  peroxide,  NO2. 
Nitrogen  peroxide  gives  up  half  its  oxygen  to  sulphurous 
acid,  and  is  itself  thus  reduced  to  nitric  oxide.  If, 
therefore,  sulphur  dioxide,  water,  and  nitrogen  peroxide 
be  brought  together,  the  first  action  is  represented 
thus: 

S02  +  H20  +  N02  =  H2S04  +  NO. 

Now,  if  air  be  supplied,  the  nitric  oxide  will  be  converted 
into  the  peroxide  : 

=  NO. 


The  peroxide  acting  upon  a  further  quantity  of 
sulphur  dioxide  and  water  is  again  reduced,  and  so  on 
indefinitely.  It  will  thus  be  seen  that,  starting  with  a 
small  quantity  of  nitric  oxide,  it  should  be  possible  to 
convert  a  large  quantity  of  sulphur  dioxide  into  sulphuric 
acid. 

Manufacture  of  Sulphuric  Acid.  —  In  the  manu- 
facture of  sulphuric  acid  sulphur  or  iron  pyrites,  FeS2, 
is  burned.  In  the  former  case,  the  only  product  of  the 
combustion  is  sulphur  dioxide  ;  in  the  latter  case,  the 
sulphur  forms  sulphur  dioxide,  and  the  iron  is  converted 
into  an  oxide,  Fe2O3.  The  sulphur  dioxide  thus  formed 
is  conducted  into  large  chambers  lined  with  lead,  for 
the  reason  that  sulphuric  acid  does  not  act  upon  lead, 
while  it  does  act  upon  most  other  common  metals. 
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Instead  of  starting  with  nitric  oxide,  nitric  acid  is 
passed  into  the  chambers,  and  water  in  the  form  of 
steam.  The  first  action  between  the  nitric  acid,  steam, 
and  sulphur  dioxide  is  this  : 

2HNO3  +  3SO2  +  2H20  =  3H2SO4  +  2ND. 

From  this  point  sulphur  dioxide,  water,  and  nitric 
oxide  are  brought  into  action,  and  the  chief  reactions 
are  those  described  above. 

A  Leaden  Chamber. — The  arrangement  of  a 
leaden  chamber  is  shown  in  Fig.  37.  The  furnace  in 
which  the  sulphur  or  iron  pyrites  is  burned  is  represented 
by/.  Steam  from  the  boiler  b  is  forced  into  the  chamber 


FIG. 


37- 


through  jets.  The  nitric  acid  is  formed  from  Chili 
saltpetre  and  sulphuric  acid  in  the  furnace  n.  A  good 
draught  is  kept  up  by  means  of  a  high  chimney. 

Ordinary  Sulphuric  Acid:  Oil  of  Vitriol. — 
The  acid  obtained  from  the  chambers  is  evaporated  in 
lead  pans,  and  afterwards  in  platinum  or  glass.  The 
strong  acid  thus  obtained  is  the  concentrated  sulphuric 
acid  of  commerce,  \vhich  is  commonly  called  oil  of 
vitriol.  It  is  an  oily  liquid,  usually  somewhat  coloured 
by  impurities. 

The  pure  acid  is  a  colourless  liquid  at  ordinary 
temperatures.  When  cooled  down  it  forms  crystals. 
It  decomposes  the  salts  of  most  other  acids,  setting  the 
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acids  free  and  forming  sulphates.  You  have  already 
had  illustrations  of  this  power  in  the  liberation  of  nitric 
and  hydrochloric  acids  from  their  salts  by  treatment 
with  sulphuric  acid.- 

[Give  the  equations  representing  the  action  which 
takes  place  when  common  salt  and  potassium  nitrate 
are  treated  with  sulphuric  acid.] 

Sulphuric  Acid  Combines  with  "Water. — Sul- 
phuric acid  has  a  very  strong  tendency  to  absorb  water 
and  form  compounds  with  it.  A  great  deal  of  heat  is 
formed  in  this  action.  This  fact  has  been  repeatedly 
illustrated  in  experiments  already  performed  ;  and  atten- 
tion has  been  called  to  the  necessity  for  caution  in 
mixing  the  liquids.  The  acid  acts  upon  organic  sub- 
stances containing  hydrogen  and  oxygen,  and  extracts 
them  in  the  proportions  to  form  water.  A  piece  of 
wood  is  charred,  if  put  in  the  acid,  in  consequence  of 
the  abstraction  of  hydrogen  and  oxygen.  [How  is  wood 
charred  in  the  preparation  of  charcoal  ?  Is  there  any 
analogy  between  the  preparation  of  charcoal  in  the 
ordinary  way  and  by  the  action  of  sulphuric  acid  ?] 

Wounds  caused  by  sulphuric  acid  are  painful  and 
heal  with  difficulty. 

Importance  of  Sulphuric  Acid. — Sulphuric  acid 
is  the  most  important  manufactured  chemical  substance. 
Most  chemical  industries  depend  upon  it.  Among  the 
many  uses  to  which  it  is  put  are  the  making  of  "  soda  " 
or  sodium  carbonate,  which  is  necessary  for  the  manu- 
facture of  soap  and  glass  ;  the  making  of  phosphorus  ; 
of  artificial  fertilisers ;  the  refining  of  petroleum,  etc. 
In  1883  there  were  manufactured  300,000  tons  of  sul- 
phuric acid  in  the  United  States,  and  over  900,000  tons 
in  Great  Britain. 

Monobasic  and  Dibasic  Acids. — Sulphuric  acid 
differs  markedly  from  nitric  and  hydrochloric  acids  in 
one  respect.  It  has  the  power  to  form  two  different 
salts  with  the  same  metal,  in  one  of  which  there  is 
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relatively  twice  as  much  of  the  metallic  element  as  in 
the  other.  If  to  a  given  quantity  of  sulphuric  acid  there 
be  added  only  half  the  quantity  of  caustic  potash 
required  to  neutralise  it,  a  salt  is  formed  which  crystal- 
lises. It  has  the  composition  represented  by  the  formula 
KHSO4.  If  nitric  acid  be  treated  in  the  same  way, 
only  half  the  acid  is  acted  on,  and  this  forms  ordinary 
potassium  nitrate,  KNO3,  the  rest  of  the  acid  being 
left  unacted  upon.  In  the  case  of  sulphuric  acid  two 
reactions  are  possible,  viz. 

H9SO4  +    KOH  =  KHS04  +  H2O; 
H2SO4+2KOH  =  K2S04  +  2H2O. 

In  the  case  of  nitric  acid  only  one  reaction  seems  to  be 
possible  : 

HNO3  +  KOH  =  KNO2  +  H2O. 

Acids  which,  like  sulphuric  acid,  have  the  power  to 
form  two  salts  with  the  same  metal  are  called  dibasic 
acids.  Acids  which,  like  nitric  acid,  have  the  power  to 
form  only  one  salt  with  the  same  metal  are  called 
monobasic  acids.  This  power  is  connected  with  the 
number  of  replaceable  hydrogen  atoms  contained  in  the 
molecule  of  the  acid.  An  acid  containing  two  replace- 
able hydrogen  atoms  in  its  molecule  is  dibasic ;  one 
containing  only  one  replaceable  hydrogen  atom  in  its 
molecule  is  monobasic. 

Acid,  Neutral,  and  Normal  Salts. — A  dibasic 
acid  yields  two  classes  of  salts  :  ( i )  those  in  which  all 
the  hydrogen  is  replaced,  and  (2)  those  in  which  half  the 
hydrogen  is  replaced  by  metal.  The  former  are  called 
normal  salts,  the  latter  acid  salts.  Normal  salts  are 
generally  neutral,  and  are  sometimes  called  neutral  salts. 

Carbon  Bisulphide,  CS2. — Sulphur  forms  with 
carbon  a  compound  called  carbon  disulphide,  which  has 
the  composition  CS2.  It  is  made  by  bringing  carbon  and 
sulphur  together  at  high  temperatures.  It  is  a  liquid 
which  boils  at  47°.  That  it  dissolves  sulphur  has  been 
L 
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shown  in   Experiments    n   and  91.       It   also  dissolves 
many  other  substances. 

Selenium,  Tellurium,  and  their  Compounds. — 
These  elements  are  rarely  met  with.  In  general  their 
properties  are  very  similar  to  those  of  sulphur,  and .  they 
form  compounds  analogous  to  the  principal  compounds 
of  sulphur. 

Relations  between  the  Atomic  "Weights  of 
Sulphur,  Selenium,  and  Tellurium. — The  relation 
between  the  atomic  weights  of  the  members  of  the  sulphur 
family  is  like  that  already  noticed  between  the  atomic 
weights  of  the  members  of  the  chlorine  family.  It  is 
shown  thus  : 

32      +    125.2      =157; 

At.  Wt.  of         At.  Wt.  of 
sulphur.  tellurium. 

157.2 

and   —  =  78.6,  which  is  nearly  79,  the  atomic  weight 

of  selenium. 


CHAPTER   XVII 

THE    NITROGEN    FAMILY  :     NITROGEN,    PHOSPHORUS, 
ARSENIC,  AND  ANTIMONY 

Boron  and  Silicon 

Phosphorus,  P  (At.  Wt.  31). — Phosphorus  occurs 
in  the  form  of  phosphates,  or  salts  of  phosphoric  acid. 
The  chief  of  these  is  calcium  phosphate,  which  is  the 
principal  constituent  of  the  minerals  phosphorite  and 
apatite^  and  of  the  ashes  of  bones. 

Phosphorus  Made  from  Bones. — It  is  made 
from  bone-ash,  which  contains  a  large  proportion  of 
calcium  phosphate.  The  ash  is  first  mixed  with  sulphuric 
acid.  Then  the  compound  thus  obtained  is  mixed  with 
charcoal  and  heated,  when  phosphorus  distils  over.  It 
is  cast  into  sticks  under  water,  and  kept  under  water. 

Properties. — It  is  colourless  or  slightly  yellow  and 
translucent.  At  ordinary  temperatures  it  can  be  cut  like 
wax,  but  it  becomes  hard  and  brittle  at  lower  temper- 
atures. It  melts  at  44°,  and  boils  at  290°.  Unless 
carefully  protected  from  the  light  its  appearance  changes. 
It  becomes  opaque  and  dark  in  colour,  and  finally  dark 
red.  This  change  can  be  hastened  by  heating  the  phos- 
phorus in  a  sealed  tube  to  250°.  Ordinary  phosphorus 
is  insoluble  in  water,  but  soluble  in  carbon  disulphide. 
In  contact  with  the  air  it  gives  off  fumes  which  emit  a 
pale  light  visible  in  a  dark  room.  It  takes  fire  when 
rubbed  or  cut,  and  must  hence  be  handled  with  great 
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care.  It  should  always  be  cut  under  water,  and  never  held 
in  the  hand.  It  not  only  combines  with  oxygen  easily, 
but  with  other  elements,  such  as  chlorine,  bromine,  and 
iodine. 

EXPERIMENT  97. — Bring  together  in  a  porcelain  crucible  or 
evaporating-dish  a  little  phosphorus  and  iodine.  It  will  be 
seen  that  simple  contact  is  sufficient  to  cause  the  two  sub- 
stances to  act  upon  each  other.  Direct  combination  takes  place, 
and  the  action  is  accompanied  by  light  and  heat. 

Phosphorus  is  very  poisonous.  Its  vapour  produces 
a  disease  of  the  bones. 

Bed  Phosphorus.  —  The  red  substance  formed 
when  ordinary  phosphorus  is  left  in  the  light,  or  heated 
without  access  of  air,  is  a  second  variety  of  phosphorus, 
known  as  red  phosphorus.  This  differs  from  ordinary 
phosphorus  as  much  as  graphite  differs  from  the  diamond. 
Ordinary  phosphorus  is  very  active,  combining  readily 
with  oxygen;  it  is  soluble  in  carbon  disulphide;  and  is 
poisonous.  Red  phosphorus,  on  'the  other  hand,  is  in- 
active. It  does  not  change  in  the  air,  and  requires  to 
be  heated  to  a  comparatively  high  temperature  before 
it  will  combine  with  oxygen  ;  it  is  insoluble  in  carbon 
disulphide,  and  is  not  poisonous.  It  is  converted  into 
the  ordinary  variety  when  heated  to  about  300°.  [Make 
out  a  tabular  comparison  of  the  properties  of  the  two 
allotropic  forms  of  phosphorus.] 

Uses  of  Phosphorus. — The  principal  use  of  phos- 
phorus is  in  the  manufacture  of  matches.  Ordinary 
friction-matches  are  tipped  with  a  mixture  of  phosphorus, 
glue,  and  potassium  chlorate.  "Safety-matches"  are 
usually  tipped  with  potassium  chlorate  and  antimony 
sulphide.  The  surface  upon  which  they  are  rubbed  is 
made  of  red  phosphorus,  black  oxide  of  manganese,  and 
glue.  Mixed  with  flour,  phosphorus  is  frequently  used 
as  a  rat  poison. 

Compounds  of  Phosphorus  with  Oxygen 
and  with  Hydrogen  and  Oxygen. — When  phos- 
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phorus  is  burned  in  the  air  or  in  oxygen  it  is  converted 
into  the   oxide,    P9O5.       This   combines   with   water   in 
ifferent  proportions,  forming  two  distinct  acids,  known 
as  metaphosphoric  and  orthophosphoric  acids. 

P2O5+H2O  =  2HP03; 

Metaphosphoric  acid. 

P205  +  3H20  =  2H3P04. 

Orthophosphoric  acid. 

Orthophosphoric  or  Ordinary  Phosphoric 
Acid,  H3PO4,  is  the  principal  compound  of  phosphorus. 
It  is  the  final  product  of  the  action  of  air  and  moisture 
on  phosphorus.  As  has  been  stated,  it  occurs  in  nature 
as  the  calcium  salt  in  phosphorite  and  apatite.  This 
salt  is  also  the  chief  constituent  of  bone-ash.  It  is  a 
solid  crystallised  substance,  and  is  made  by  treating 
bone-ash  with  sulphuric  acid,  or  by  oxidising  phosphorus. 
It  has  the  power  of  forming  three  distinct  salts  with  the 
same  metal,  and  is  hence  called  tribasic.  With  sodium, 
for  example,  it  forms  the  three  salts  Na3PO4,  Na2HPO4, 
and  NaH2PO4.  Its  normal  calcium  salt — that  is  to  say, 
the  one  in  which  all  the  three  acid  hydrogen  atoms  are 
replaced  by  calcium — has  the  formula  Ca3(PO4)2,  three 
bivalent  calcium  atoms  replacing  six  atoms  of  hydrogen. 

Arsenic  and  its  Compounds. — Arsenic,  As  (At. 
Wt.  75),  occurs  in  nature  in  combination  with  metals, — 
as,  for  example,  iron,  copper,  cobalt,  nickel,  etc., — and 
in  combination  with  oxygen  as  the  oxide  As2O3.  It  has 
a  metallic  lustre.  When  heated  to  quite  a  high  temper- 
ature in  the  air  it  takes  fire,  and  burns  with  a  bluish 
flame,  giving  off  a  smoke  which  has  the  odour  of  garlic 
and  is  poisonous.  It  combines  directly  with  most  ele- 
ments. In  the  elementary  form  it  is  not  poisonous,  but 
when  oxidised  it  becomes  so. 

Arsine,  Arseniuretted  Hydrogen,  AsH3. — This 
compound,  which  in  composition  is  analogous  to  am- 
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monia,  NHg,  is  made  by  bringing  a  compound  of  arsenic 
with  oxygen  into  a  mixture  from  which  hydrogen  is 
being  evolved. 

EXPERIMENT  98. — Arrange  an  apparatus  as  shown  in  Fig. 
38.       Put  some  granulated  zinc  in  the  flask  and  pour  dilute 


FIG.  38. 

sulphuric  acid  on  it.  When  the  air  is  all  out  of  the  vessel  and 
the  hydrogen  is  lighted,  add  slowly  a  little  of  a  solution  of 
arsenic  oxide,  As2O3,  in  dilute  hydrochloric  acid.  What  change 
takes  place  in  the  flame  ?  Is  the  colour  changed  ?  Are  fumes 
given  off?  (See  Experiment  99.) 

Arsine  is  a  colourless  gas  which  is  very  poisonous  and 
has  an  unpleasant  odour.  When  lighted  it  burns  with  a 
bluish-white  flame.  It  is  very  unstable,  breaking  up  into 
arsenic  and  hydrogen  when  heated.  When  a  cold  object, 
as  a  piece  of  porcelain,  is  brought  into  the  flame  of 
burning  arsine,  the  arsenic  is  deposited  in  the  form  of  a 
dark  spot. 

Detection  of  Arsenic  in  Cases  of  Poisoning. 
— The  conduct  of  arsine  is  taken  advantage  of  for  the 
purpose  of  detecting  the  presence  of  arsenic.  It  is 
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extensively  used  in  examining  the  stomach  and  other 
viscera  of  human  beings  in  cases  of  suspected  poisoning. 
The  method  used  is  known  as  Marstts  test,  having  been 
introduced  by  a  chemist  by  the  name  of  Marsh. 

EXPERIMENT  99. — Into  the  flame  of  the  burning  hydrogen 
and  arsine  produced  in  the  last  experiment  introduce  a  piece  of 
porcelain,  as  the  bottom  of  a  small  porcelain  dish  or  a  crucible, 
or  a  bit  of  a  broken  plate,  and  notice  the  appearance  of  the 
spots.  Heat  by  means  of  a  Bunsen  burner  the  tube  through 
which  the  gas  is  passing,  which  should  be  of  hard  glass.  Just 
in  front  of  the  heated  place  there  will  be  deposited  a  thin  layer 
of  metallic  arsenic,  commonly  called  a  mirror  of  arsenic.  This 
deposit  is  due  to  the  decomposition  of  the  arsine  into  arsenic 
and  hydrogen  by  heat. 

Arsenic  Trioxide,  As2O3. — When  arsenic  is  burned 
in  the  air  or  oxygen  it  forms  the  trioxide.  [Compare 
with  phosphorus  in  this  respect.]  This  substance,  which 
is  what  is  commonly  called  arsenic,  or  white  arsenic,  is 
made  by  heating  compounds  of  arsenic  and  metals  in 
contact  with  the  air.  Under  these  circumstances  both 
the  metal  and  the  arsenic  are  oxidised,  and  the  oxide  of 
arsenic,  being  volatile,  passes  off  and  is  condensed  and 
collected  in  large  chambers  of  mason-work.  It  is  a 
colourless,  glassy  mass.  It  is  difficultly  soluble  in  water, 
more  easily  in  hydrochloric  acid.  It  has  a  weak,  dis- 
agreeably sweet  taste,  and  acts  very  poisonously.  It  is 
probably  more  frequently  used  as  a  poison  than  any 
other  substance.  Minute  quantities  can  be  detected  by 
the  chemist  with  absolute  certainty.  It  is  easily  reduced 
by  means  of  carbon 

EXPERIMENT  100. — Mix  together  about  equal  small  quanti- 
ties of  arsenic  oxide  and  finely-powdered  charcoal.  Heat  the 
mixture  in  a  small  dry  tube  of  hard  glass,  closed  at  one  end. 
The  arsenic  which  is  set  free  will  be  deposited  on  the  walls  of 
the  tube  in  the  form  of  a  mirror,  like  that  obtained  in  Experi- 
ment 99. 

Antimony,  Sb  (At.  Wt.  120),  occurs  most  frequently 
in  combination  with  sulphur  as  the  sulphide  Sb2S3.  It 
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is  a  silver-white,  metallic-looking  substance.  At  ordinary 
temperatures  it  is  not  changed  by  contact  with  the  air  ; 
but  when  heated  to  a  sufficiently  high  temperature  it 
takes  fire  and  burns,  forming  the  white  oxide. 

Stibine,  Antimoniuretted  Hydrogen,  SbH3. — 
This  compound  is  made  by  the  same  method  as  that 
described  under  Arsenic. 

EXPERIMENT  101. — Make  some  stibine,  using  a  solution  of 
tartar  emetic,  a  substance  which  contains  antimony. 

Its  properties  are  very  much  like  those  of  arsine.  It 
burns  with  a  similar  flame,  and  is  decomposed  in  the 
same  way. 

EXPERIMENT  102. — Introduce  a  piece  of  porcelain  in  the 
flame  and  notice  the  deposit  or  antimony  spot.  It  is  darker 
and  more  smoky  than  the  arsenic  spot.  There  are  other  differ- 
ences in  properties,  but  they  need  not  be  considered  here. 

Boron,  B  (A/.  Wt.  10.9). — Boron  may  conveniently 
be  considered  in  connection  with  the  nitrogen  family,  as 
some  of  its  properties  suggest  those  of  the  members  of 
that  family.  At  the  same  time,  it  has  peculiarities  which 
distinguish  it  from  these  elements.  It  occurs  in  nature 
in  the  form  of  boric  acid,  or  as  salts  of  this  acid,  parti- 
cularly the  sodium  salt,  or  borax.  It  is  prepared  by 
treating  the  oxide,  B2O3,  at  a  very  high  temperature 
with  sodium  or  aluminium.  Under  proper  conditions  it 
is  obtained  in  the  form  of  crystals,  which  are  almost  as 
hard  as  diamonds. 

Tetraboric  Acid,  H2B4O7,  is  the  form  of  boric  acid 
from  which  borax  is  derived.  The  formula  of  borax  is 
Na2B4O7+ioH2O. 

THE  CARBON  FAMILY  :  CARBON  AND  SILICON. 

Occurrence  of  Silicon. — Carbon,  as  you  have 
seen,  occurs  in  every  living  thing.  It  is  interesting  to 
note  that  silicon,  which  in  some  respects  resembles 
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carbon  in  its  chemical  properties,  is  one  of  the  most 
important  constituents  of  the  mineral  or  inorganic  parts 
of  the  earth.  It  occurs  chiefly  in  the  form  of  the  oxide, 
SiO2,  commonly  called  silica,  or  silicon  dioxide  ;  and  in 
combination  with  oxygen  and  several  of  the  common 
metals,  particularly  with  sodium,  potassium,  aluminium, 
and  calcium,  in  the  form  of  the  silicates. 

Great  Abundance  of  Silicon.  —  Next  to  oxygen 
silicon  occurs  in  largest  quantity  in  the  earth.  There 
are  extensive  mountain-ranges  consisting  almost  entirely 
of  silicon  dioxide,  SiO2,  in  the  form  known  as  quartz  or 
quartzite.  Other  ranges  are  made  up  of  silicates,  which 
are  compounds  formed  by  a  combination  of  silicon  dioxide 
and  bases.  The  clay  of  valleys,  river-beds,  etc.,  also 
contains  silicon  in  large  quantity,  while  the  sand  found 
so  abundantly  at  the  seashore  is  mostly  silicon  dioxide, 
SiO2. 

The  Element  Silicon.  —  Unlike  carbon,  silicon  is 
never  found  in  the  uncombined  state.  It  is  an  extremely 
difficult  thing  to  decompose  the  oxide  in  such  a  way  as 
to  get  the  element.  Under  proper  conditions  silicon 
can  be  obtained  in  the  form  of  crystals  which  have  a 
gray  colour  and  are  harder  than  glass. 

Silicic  Acid.  —  There  are  several  varieties  of  silicic 
acid,  all  of  which  are,  however,  derived  from  an  acid  of 
the  formula  H4SiO4,  or  normal  silicic  acid.  When  this 
is  set  free  from  its  salts  it  loses  water,  and  is  changed  to 
ordinary  silicic  acid,  H2SiO3  : 

H4SiO4  =  H2SiO3  +  H,0. 

When  heated  higher,  this  second  form  of  silicic  acid  is 
converted  into  the  dioxide  SiO.?  : 


Silicon  Dioxide,  Silicic  Anhydride,  SiO2.—  As 

already  stated,  this  substance  occurs  very  abundantly  in 
nature  and  in  many  different  forms.  Quartz,  or  rock 
crystal,  is  pure  crystallised  silicon  dioxide  ;  quartzite  is 
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a  coarser-grained  substance  made  up  of  small  crystals  of 
quartz,  usually  coloured.  Agate,  amethyst,  and  carnelian 
are  varieties  of  quartz  coloured  by  foreign  substances. 
Silica  also  occurs  in  the  stalks  of  some  plants,  giving 
them  firmness,  and  in  some  cases  making  them  so  hard 
that  they  are  valuable  for  polishing. 

Some  of  the  more  important  silicates,  as  water-glass, 
glass,  and  the  natural  silicates,  will  be  considered  further 


CHAPTER    XVIII 

BASE-FORMING    ELEMENTS — GENERAL    CONSIDERATIONS 

Distinction  between  Acid-forming  and  Base- 
forming  Elements. — The  meaning  of  the  name  base- 
forming  elements  is  simply  that  the  compounds  of  these 
elements  with  hydrogen  and  oxygen  are  bases,  or,  in 
other  words,  have  the  power  to  neutralise  acids  and 
form  salts.  But  the  distinction  between  acid-forming 
and  base-forming  elements  is  not  a  sharp  one,  for  the 
reason  that  there  are  some  elements  which  form  both 
acids  and  bases. 

Base  -  forming  Elements. — The  base  -  forming 
elements  will  be  taken  up  in  the  following  order  :— 

1.  The  Potassium  Family,  the  principal  members  of 
which  are  potassium  and  sodium. 

2.  The   Calcium  Family,  the   principal  members  of 
which  are  calcium,  barium,  and  strontium. 

3.  The  Magnesium  Family,  the  principal  members 
of  which  are  magnesium  and  zinc. 

4.  The  Silver  Family,  consisting  of  silver,   copper, 
and  mercury. 

5.  The  Aluminium  Family,  of  which  aluminium  is 
the  only  well-known  member. 

6.  The  Iron  Family,   consisting  of  iron,  cobalt,  and 
nickel. 

7.  The  Manganese  Family,  of  which  manganese  is 
the    only    representative.       There    are    some    points    of 
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resemblance  between  manganese  and  the  members  of  the 
chlorine  family. 

8.  The  Chromium  Family,  of  which  chromium  is  the 
principal  member.     There  are  some  points  of  resemblance 
between    chromium   and   the   members   of  the   sulphur 
family. 

9.  The   Bismuth   Family,  of  which    bismuth  is  the 
only  representative.      Between   it   and   the   members   of 
the    nitrogen   family   there   are   some   points  of   resem- 
blance. 

10.  The  Lead  Family,    the    principal    members    of 
which  are  lead  and  tin. 

1 1 .  The  Palladium  Family,  consisting  of  three  rare 
elements. 

12.  The  Platinum  Family,  the  principal  members  of 
which  are  platinum  and  gold. 

Large  Number  of  Base-forming  Elements. — 
You  see  that  there  are  many  more  base-forming  than 
acid-forming  elements,  and  it  is  a  serious  undertaking 
to  become  thoroughly  acquainted  with  all  the  elements 
included  under  this  head.  For  the  present  it  will  be 
best  to  confine  our  attention  to  a  few  of  the  most 
important  of  the  elements. 

Metallic  Properties. — The  base-forming  elements 
are  those  which  are  usually  called  metals.  The  name 
metal  is  applied  to  those  elements  which  have  what  is 
known  as  a  metallic  lustre,  are  opaque,  and  are  good 
conductors  of  electricity.  Gradually  the  name  metal  has 
come  to  mean  an  element  which  has  the  power  to  dis- 
place the  hydrogen  of  acids  and  form  salts. 

Classes  of  Metal  Derivatives. — As  the  metals 
or  base -forming  elements  all  combine  with  oxygen, 
sulphur,  chlorine,  and  also  form  salts  with  all  acids, 
it  follows  that  under  the  head  of  each  one  there  must 
be  a  large  number  of  compounds.  A  thorough  study 
of  each  metal  would  include  the  following  subjects  : — 
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1.  Its  Occurrence  in  Nature. — Under  this  head  we 
should  become  acquainted  with  those  natural  compounds 
of  the  metals  known  as  minerals.      Those  minerals  from 
which  the  metals  are  extracted  for  practical  purposes  are 
called  ores. 

2.  Extraction  of  the  Metals  from  their  Ores. — The 
study  of  this  subject  is  the  object  of  metallurgy. 

3.  The   Properties    of    Metals. — As     you    will    find, 
metals  differ  very  markedly  from  one  another.       Some 
are  light,  floating  on  water,  as  potassium,  sodium,  etc.  ; 
some  are  extremely  heavy,  as  lead,  platinum,  etc.      Some 
combine  with  oxygen  with  great  energy  ;     others  form 
very  weak  compounds  with  oxygen.      Some  form  strong 
bases  ;  others  form  weak  bases. 

4.  The  Compounds  of  the  Metals. — These   may  be 
conveniently  classified  as  : 

a.  Compounds   with   chlorine,  bromine,   and  iodine ; 
or  the  chlorides,  bromides,  and  iodides. 

b.  Compounds   with    oxygen   and    with   oxygen    and 
hydrogen  ;  or  the  oxides  and  hydroxides. 

c.  Compounds  with  sulphur  and  with  sulphur  and  hy- 
drogen ;  or  the  sulphides  and  hydrosidphides. 

d.  Compounds  with  nitric  and  nitrous  acids  ;   or  the 
nitrates  and  nitrites. 

e.  Compounds   with   the   acids    of  chlorine ;     or   the 
chlorates,  chlorites,  etc. 

/  Compounds  with  sulphuric  and  sulphurous  acids  ; 
or  the  sulphates  and  sulphites. 

g.  Compounds  with  carbonic  acid ;  or  the  car- 
bonates. 

h.  Compounds  with  phosphoric  acid  ;  or  the  phos- 
phates. 

i.   Compounds  with  silicic  acid  ;  or  the  silicates. 

j.   Compounds  with  boric  acid  ;  or  the  borates. 

The  acids  of  which  the  salts  are  derivatives  are 
already  known  to  you,  and  in  dealing  with  the  acids  fre- 
quent reference  has  been  made  to  the  methods  of 
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making  the  salts,  and  to  some  of  their  most  important 
properties.  In  what  follows  only  those  compounds  will 
be  considered  which  well  illustrate  general  principles,  or 
which,  owing  to  some  familiar  application,  happen  to  be 
of  special  interest. 


CHAPTER     XIX 

THE  POTASSIUM  FAMILY  :   POTASSIUM,  SODIUM 
(AMMONIUM) 

Alkalies. — The  members  of  this  family  are  gener- 
ally called  metals  of  the  alkalies,  as  the  two  best-known 
members  are  obtained  from  the  alkalies,  caustic  potash 
and  caustic  soda,  or  potassium  and  sodium  hydroxides. 

Potassium,  K  {At.  Wt.  39). — This  element  is  a 
constituent  of  many  minerals,  particularly  of  f eld-spar, 
which  is  a  silicate  of  aluminium  and  potassium. 

In  the  Soil. — The  natural  decomposition  of  minerals 
containing  potassium  gives  rise  to  the  presence  of  this 
element  in  various  forms  of  combination  everywhere  in 
the  soil,  and  it  is  of  the  highest  importance  for  the 
plants,  as  they  use  it  as  part  of  their  food.  When  vege- 
table material  is  burned  the  potassium  remains  behind, 
chiefly  as  potassium  carbonate.  When  wood-ashes  are 
treated  with  water  the  potassium  carbonate  dissolves, 
and  it  is  obtained  in  an  impure  state  by  evaporating 
the  solution.  The  substance  thus  obtained  is  called 
potash. 

EXPERIMENT  103. — Treat  two  or  three  pounds  of  wood- 
ashes  with  water.  Filter  off  the  solution,  and  examine  it  by 
means  of  red  litmus-paper.  Is  the  solution  alkaline  ?  Examine 
some  potassium  carbonate.  Does  its  solution  act  in  the  same 
way  ?  Evaporate  to  dryness  the  solution  obtained  from  the 
wood-ashes.  Collect  the  dry  residue  and  treat  it  in  a  test-tube 
with  a  little  dilute  hydrochloric  acid.  Is  a  gas  given  off?  Is 
it  cai'bon  dioxide  ? 
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Potassium  is  also  found  in  the  form  of  the  chloride, 
KC1,  accompanying  the  chloride  of  sodium,  and  as  the 
nitrate  in  saltpetre. 

How  Potassium  is  Prepared.  —  The  metal  was 
first  prepared  by  the  action  of  a  powerful  electric  current 
on  caustic  potash,  which  had  been  considered  as  an  ele- 
ment. It  is  now  manufactured  by  distilling  a  mixture  of 
potassium  carbonate  and  charcoal  : 


Properties.  —  It  is  a  light  substance  which  floats  on 
water.  Its  freshly-cut  surface  has  a  bright  metallic 
lustre,  almost  white  ;  it  acts  upon  water  with  great 
energy,  causing  the  evolution  of  hydrogen,  which  burns, 
and  the  formation  of  potassium  hydroxide.  In  conse- 
quence of  its  action  on  water,  potassium  cannot  be  kept 
in  the  air.  It  is  kept  under  some  oil  upon  which  it  does 
not  act,  as  petroleum. 

EXPERIMENT  104.  —  Throw  a  small  piece  of  potassium  not 
larger  than  the  size  of  a  pea  upon  water  ?  What  takes  place  ? 
What  is  the  colour  of  the  flame  ?  What  difference  is  there  be- 
tween the  action  of  sodium  and  of  potassium  on  water  ?  Is  the 
solution  after  the  action  alkaline?  Why? 

Compounds  of  Potassium.  —  The  chief  com- 
pounds of  potassium  with  which  we  meet  are  the  iodide, 
KI  ;  the  hydroxide,  or  caustic  potash,  KOH  ;  the 
nitrate,  or  saltpetre,  KNO3  ;  the  chlorate,  KC1O3  ;  and 
the  carbonate,  K2COg. 

Potassium  Iodide,  KI,  is  made  by  treating  caustic 
potash  with  iodine.  The  action  is  the  same  as  that 
which  takes  place  when  chlorine  acts  upon  warm  con- 
centrated caustic  potash.  Both  the  iodide  and  iodate 
are  formed  : 

6KOH  +  61  =  5KI  +  KI03  +  3H2O. 

By  evaporating  off  the  water  and  heating  the  residue, 
the  iodate  is  decomposed  into  iodide  and  oxygen. 
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EXPERIMENT  105. — Examine  a  bottle  of  crystallised  potas- 
sium iodide.  Taste  a  little.  Dissolve  some  in  water.  Add 
some  iodine  to  this  solution.  Does  the  iodine  dissolve  ?  Heat 
a  little.  Does  the  substance  contain  water  of  crystallisation  ? 
Treat  a  crystal  or  two  with  a  few  drops  of  concentrated  sulphuric 
acid.  What  takes  place  ?  To  what  is  the  appearance  of 
violet  vapours  due?  (See  Experiment  87.) 

Potassium  iodide  is  extensively  used  in  medicine  and 
in  photography. 

Potassium  Hydroxide,  KOH. — This  well-known 
substance,  commonly  called  caustic  potash,  is  prepared 
by  heating  potassium  carbonate  with  lime  (calcium 
hydroxide)  in  a  silver  or  iron  vessel. 

EXPERIMENT  106. — Dissolve  50  grams  potassium  carbonate 
in  500-600  cc.  water.  Heat  to  boiling  in  an  iron  or  silver 
vessel,  and  gradually  add  slaked  lime  made  from  25  to  30 
grams  good  quicklime.  During  the  operation  the  mass  should 
be  stirred  with  an  iron  spatula.  After  the  solution  is  cool, 
draw  it  off  by  means  of  a  glass  siphon  into  a  bottle.  This  may 
be  used  in  experiments  in  which  caustic  potash  is  required.  The 
reaction  is  based  upon  the  fact  that  calcium  carbonate  is  insol- 
uble, and  that  potassium  carbonate  and  calcium  hydroxide  are 
soluble  : 

K2C03  +  CaO2H2  =  CaC03  +  KOH. 

The  hydroxide  is  a  white  brittle  substance.  In  con- 
tact with  the  air  it  deliquesces  [what  does  this  mean  ?] 
and  absorbs  carbon  dioxide.  It  is  a  strong  base. 
[What  products  are  formed  when  it  acts  upon  hydro- 
chloric acid  ?  Upon  nitric  acid  ?  Upon  sulphuric  acid  ? 
How  many  salts  can  it  form  with  sulphuric  acid  ? 
What  are  their  formulas  ?] 

Potassium  Nitrate,  KNO3. — The  common  name 
of  this  salt  is  saltpetre.  Its  occurrence  in  nature  has 
already  been  referred  to.  When  refuse  animal  matter 
is  left  to  undergo  decomposition  in  the  presence  of 
bases,  nitrates  are  formed. 

Saltpetre  Plantations. — Advantage  is  taken  of 
the  fact  just  mentioned  for  the  purpose  of  preparing 
M 
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saltpetre  artificially.  Heaps  of  refuse  matter  from  stables 
are  mixed  with  lime  and  kept  moist,  and  then  allowed 
to  stand  for  a  time.  The  nitrate  which  is  formed  is 
extracted  with  water,  converted  into  potassium  nitrate, 
and  purified.  Places  where  this  process  is  carried  on  on 
the  large  scale  are  called  saltpetre  plantations. 

Properties. — Potassium  nitrate  crystallises  in  long 
rhombic  prisms  which  have  a  salty  taste.  It  is  easily 
soluble  in  water. 

Uses  of  Saltpetre. —  It  is  used  in  making  sulphuric 
acid  [how  ?],  and  nitric  acid  [how  ?].  Its  chief  use  is  in 
the  manufacture  of  gunpowder. 

GKinpowder. — The  value  of  gunpowder  is  due  to  the 
fact  that  it  explodes  readily,  the  explosion  being  a  chemi- 
cal change  accompanied  by  a  sudden  evolution  of  gases. 
When  the  powder  is  enclosed  in  a  gun-barrel  the  gases 
in  escaping  drive  the  ball  before  them.  Gunpowder  has 
long  been  known,  and  has  always  been  made  of  salt- 
petre^ charcoal,  and  sulphur.  When  heated  the  saltpetre 
gives  off  oxygen  and  nitrogen  ;  the  oxygen  combines  with 
the  charcoal,  forming  carbon  dioxide,  and  the  sulphur 
combines  with  the  potassium,  forming  potassium  sul- 
phide. The  reactions  are  represented  in  this  equation  : 

2KNO3  +  3C  +  S  =  3CO2  +  2N  +  K2S. 

Gas."       Gas.       Solid. 

EXPERIMENT  107. — Mix  together  15  grams  potassium 
nitrate,  and  2.5  grams  powdered  charcoal.  Set  fire  to  the 
mass. 

Potassium  Chlorate,  KC1O3,  has  so  frequently 
been  referred  to  and  used  in  earlier  experiments  that  it 
is  not  necessary  to  say  anything  more  about  it  now. 

[Describe  the  method  of  preparation  and  decomposi- 
tion by  heat] 

Sodium,  Na  (At.  Wt.  23). — Sodium  occurs  very 
widely  distributed  and  in  large  quantities,  principally  as 
sodium  chloride.  It  occurs  also  as  sodium  nitrate,  and 
as  silicate  in  many  minerals.  Like  potassium  it  is  found 
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everywhere  in  the  soil,  and  is  taken  up  by  plants, 
especially  by  those  which  grow  in  the  neighbourhood 
of  the  sea  and  in  the  sea. 

Preparation  of  Sodium.  —  Sodium  is  made  by 
the  same  method  as  that  used  for  making  potassium. 

Properties.  —  Its  properties  are  very  similar  to 
those  of  potassium.  It  is  light,  floating  on  water  ;  it 
has  a  bright  metallic  lustre,  and  is  soft,  like  wax.  It 
decomposes  water,  but  not  as  actively  as  potassium. 

Sodium  a  Strong  Reducing  Agent.  —  Sodium 
has  a  strong  attraction  for  oxygen,  and  is  used  in  some 
chemical  processes  as  a  reducing  agent,  as,  for  example, 
in  the  preparation  of  aluminium.  A  compound  of 
mercury  and  sodium,  known  as  sodium  amalgam,  is 
used  in  some  metallurgical  operations  connected  with 
the  extraction  of  gold  and  silver  from  their  ores. 

Compounds  of  Sodium.  —  The  chief  compounds 
of  sodium  are  the  chloride,  NaCl ;  the  hydroxide,  or 
caustic  soda,  NaOH ;  the  nitrate,  or  Chili  saltpetre, 
NaNO3  ;  the  sulphate,  Na2SO4  ;  the  carbonate,  Na2CO3  ; 
and  the  borate,  or  borax,  Na2B4Olr. 

Sodium  Chloride,  NaCl. — This  is  the  substance 
known  by  the  name  common  salt.  It  occurs  very  widely 
distributed,  and,  as  it  is  easily  soluble,  much  of  the 
water  which  enters  into  the  ocean  contains  some  of  it  in 
solution.  Sea- water  contains  2|-  to  3  per  cent  of  sodium 
chloride. 

How  Salt  is  Obtained. — In  some  places  salt  is 
taken  out  of  mines  in  the  solid  form  ;  in  others  water  is 
allowed  to  flow  into  the  mines,  and  to  remain  for  some 
time  in  contact  with  the  salt,  and  the  solution  thus 
formed  is  drawn  or  pumped  out  of  the  mine  and  evapor- 
ated by  appropriate  methods.  Salt  is  also  obtained 
from  the  sea  in  hot  countries.  At  high  tide  the  water 
is  dammed  up,  and  the  artificial  ponds  thus  formed 
afterwards  evaporate  under  the  influence  of  the  sun, 
leaving  the  salt  behind. 
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Properties. — Sodium  chloride  crystallises  in  colour- 
less and  transparent  cubes.  Sometimes  that  which 
occurs  in  nature  is  coloured  blue.  Its  taste  is  familiar 
to  every  one. 

Uses  of  Salt.  —  Salt  is  an  extremely  important 
article  of  food.  It  appears  to  be  necessary  to  the  life 
of  man  as  well  as  of  many  animals.  It  is  found  in  all 
parts  of  the  body.  It  is  used  to  prevent  decomposition 
of  meats.  Salt  pork  and  salt  fish  are  familiar  to  all. 
Salt  is  used  as  the  starting-point  in  the  preparation  of  all 
sodium  compounds  and  of  all  chlorine  compounds. 

[How  are  chlorine  and  hydrochloric  acid  obtained 
from  it  ?] 

Sodium  Hydroxide,  NaOH. — This  is  commonly 
called  caustic  soda.  It  can  be  prepared  in  the  same 
way  as  potassium  hydroxide ;  that  is,  by  treating  a 
solution  of  sodium  carbonate  with  lime.  [Explain  the 
reaction.]  Its  properties  are  very  similar  to  those  of 
caustic  potash. 

Sodium  Nitrate,  NaNO3. — This  is  the  salt  which 
has  been  repeatedly  referred  to  by  the  name  of  Chili 
saltpetre.  It  occurs  in  very  large  quantities,  and  is  the 
chief  source  of  nitric  acid.  It  is  cheaper  than  potassium 
nitrate,  but  cannot  be  substituted  for  it  in  the  manufacture 
of  gunpowder,  because  it  becomes  moist  in  the  air.  It 
is  converted  into  potassium  nitrate  by  treating  its 
solution  with  potassium  chloride  : 

NaNO3  +  KC1  ==  KNO3  +  NaCl. 

Sodium  Sulphate,  Na2SO4+ ioH2O. — The  com- 
mon name  of  this  substance  is  Glauber's  salt.  It  is 
manufactured  in  enormous  quantities  for  the  purpose  of 
converting  common  salt  into  sodium  carbonate  or 
" soda "  : 

2NaCl  +  H2SO4  =  2HC1  +  Na2SO4. 

It  crystallises  in  large,  colourless,  monoclinic  prisms, 
containing  10  molecules  of  water  of  crystallisation, 
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Na.7SO4+  ioH2O.  It  loses  water  when  left  in  contact 
with  the  air. 

Sodium  Carbonate,  Na2CO3+  ioH.2O. — This  salt, 
commonly  called  soda,  is  one  of  the  most  important 
of  manufactured  chemical  substances.  The  mere  men- 
tion of  the  fact  that  it  is  essential  to  the  manufacture  of 
glass  and  soap  will  give  an  idea  of  its  importance.  It 
is  found  in  the  ashes  of  sea-plants,  just  as  potassium 
carbonate  is  found  in  the  ashes  of  land-plants.  Formerly 
it  was  obtained  from  this  source.  Now,  however,  we 
are  not  dependent  upon  sea-plants  for  our  supply,  as 
two  methods  have  been  devised  for  preparing  it  from 
sodium  chloride,  with  which  the  earth  is  so  abundantly 
supplied. 

Manufacture  of  Soda  from  Sodium  Chloride. 
-• — During  the  French  Revolution  the  supply  of  soda 
was  cut  off  from  France,  and  the  Government  therefore 
offered  a  large  prize  ,for  a  method  for  making  it  from 
common  salt.  A  method  was  devised  by  Leblanc  which 
has  been  used  very  extensively  ever  since. 

Leblanc's  Method  for  Making  Soda.  —  This 
consists  of  four  reactions  : — 

ist.  The  sodium  chloride  is  converted  into  sodium 
sulphate  by  treating  it  with  sulphuric  acid  : 

2NaCl  +  H2SO4  =  Na2S04  +  2HC1. 

2d.  The  sodium  sulphate  thus  obtained  is  heated 
with  charcoal,  which  reduces  it  to  sodium  sulphide, 
Na,S: 

Na2SO4  +  4C  =  Na2S  +  4CO. 

3d.  The  sodium  sulphide  is  heated  with  calcium 
carbonate,  when  sodium  carbonate  and  calcium  sulphide 
are  formed  : 

Na2S  +  CaC03  -  Na2CO3  +  CaS. 

4th.  If  lime  is  present  in  the  last  reaction,  it  forms 
an  insoluble  compound  with  calcium  sulphide.  By 
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treating    the    product    of   the    reaction    with    water   the 
sodium  carbonate  alone  dissolves. 

In  practice  the  sodium  sulphate  is  mixed  with  char- 
coal and  calcium  carbonate  and  the  mixture  heated. 

The  Solvay  Method. — Another  method  has  recently 
come  into  great  prominence,  threatening  to  drive  out 
the  Leblanc  method  completely.  This  is  the  Solvay, 
or  the  ammonia,  method.  This  depends  upon  the  fact 
that  the  salt,  HNaCO3,  is  comparatively  difficultly 
soluble  in  water  and  is  therefore  precipitated  from  a 
solution  of  common  salt  by  the  addition  of  an  easily 
soluble  carbonate.1 

Properties. — Sodium  carbonate  crystallises  in  large 
prisms  with  10  molecules  of  water  of  crystallisation. 
The  crystals  are  efflorescent. 

Mono-sodium  Carbonate,  HNaCOg,  or  bicarbonate 
of  soda,  is  made  from  sodium  carbonate  by  passing 
carbon  dioxide  into  it : 

Na2C03  +  C02  +  H20  =  2HNaCOr 

This  substance  is  one  of  the  constituents  of  baking- 
powders  which  are  used  for  raising  bread.  Rochelle 
powders  consist  of  the  bicarbonate  and  cream  of  tartar 
mixed  together.  When  water  is  added  to  the  mixture, 
carbon  dioxide  is  given  off,  as  the  cream  of  tartar  is  an 
acid  salt,  acid  potassium  tartrate,  KH5C4Og,  and  Rochelle 
salt  is  left  in  solution.  This  is  the  potassium  and  sodium 
salt  of  tartaric  acid,  of  the  composition  KNaH4C4O6. 
[Why  are  such  salts  called  double  salts  ?] 

Disodium  Phosphate,  Na2HPO4+ I2H2O. — This 
is  the  common  form  of  sodium  phosphate. 

Sodium  Borate,  Borax,  Na2B4O7+ ioH2O. — 
This  salt  is  found  in  several  lakes  in  Asia,  and 
in  Clear  Lake,  Nevada.  It  is  also  manufactured  by 
neutralising  the  boric  acid  found  in  Tuscany.  When 

1  In  1883  there  were  manufactured  in  Germany  115,500  tons  of  carbonate 
of  soda,  half  of  it  by  the  Solvay  method.  In  the  same  year  429,040  tons 
were  manufactured  in  England  by  the  Leblanc  process. 
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heated,  borax  puffs  up,  and  at  red  heat  melts,  forming  a 
transparent,  colourless  liquid.  This  is  the  dry  substance, 
Na2B4O7.  Molten  borax  has  the  power  to  dissolve  the 
oxides  of  the  metals,  and  forms  coloured  glasses  with 
some  of  them.  In  soldering  it  is  necessary  that  the 
metals  should  be  clean  and  bright.  To  secure  this  a 
little  molten  borax  is  put  on  the  surfaces  which  are  to 
be  united.  Borax  is  an  antiseptic j  that  is  to  say,  it 
prevents  the  decomposition  of  organic  substances. 

Water-glass.  —  Silicon  dioxide,  or  silica,  SiO2, 
dissolves  by  continued  boiling  with  caustic  soda  or 
potash,  and  sodium  or  potassium  silicate  is  thus  formed  : 

SiO2  +  2NaOH  =  Na2SiO3  +  H2O. 

These  salts  are  soluble  in  water,  and  are  known  as 
water-glass.  Water-glass  is  used  in  making  artificial 
stone,  and  for  the  purpose  of  protecting  certain  stones 
from  the  action  of  the  weather. 

Ammonium  Salts.  - — -When  the  gas  ammonia, 
NH3,  or  its  solution  in  water,  is  brought  together  with 
acids,  salts  are  formed.  Thus  ammonia  and  hydrochloric 
acid  give  a  salt  of  the  composition  NH4C1 ;  ammonia 
and  nitric  acid  give  NH4NO3;  ammonia  and  sulphuric 
acid  give  (NH4).,SO4.  These  salts  are  formed  according 
to  the  following  equations  : 

NH3    +HC1      =NH4C1; 
NH3    +HNO;3  =  NH4NO3; 
2NH3  +  H2S04  =  (NH4)2S04. 

The  salts  thus  formed  are  much  like  the  salts  of 
sodium  and  potassium.  The  only  way  to  compare  them 
with  the  salts  of  the  metallic  elements  is  by  assuming 
that  in  them  the  part  represented  by  NH4  acts  the  part 
of  the  metal.  It  is  called  ammonium,  and  the  salts  are 
called  ammonium  salts.  Ammonium  has  never  been 
obtained  in  the  uncombined  state,  as  instead  of  it 
ammonia  is  always  formed. 
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EXPERIMENT  108. — Place  near  each  other  two  vessels,  one 
containing  a  little  strong  hydrochloric  acid,  and  the  other  a 
little  strong  ammonia.  Explain  what  you  see. 

Ammonium  Chloride,  NH4C1. — This  salt  is  com- 
monly called  sal-ammoniac.  At  present  its  principal 
source  is  the  gas-works.  When  heated  it  is  converted 
into  vapour  without  melting,  and  with  very  slight  decom- 
position. 

EXPERIMENT  109. — On  a  piece  of  platinum-foil  or  porcelain 
heat  a  little  ammonium  chloride.  What  is  the  result  ? 

[What  takes  place  when  ammonium  chloride  is  treated 
with  caustic  soda  ?  With  lime  ?] 

Ammonia  Sulphide,  (NH4)2S. — This  salt,  which 
is  made  by  treating  ammonium  with  hydrogen  sulphide, 
is  extensively  used  in  making  chemical  analyses. 

Relations  between  the  Atomic  "Weights  of 
the  Alkali  Metals. — The  atomic  weight  of  lithium, 
which  is  a  metal  belonging  to  the  potassium  family,  is  7. 
Between  this  and  the  atomic  weights  of  sodium,  23,  and 
potassium,  39,  exist  relations  similar  to  those  which  exist 
between  the  atomic  weights  of  chlorine,  bromine,  and 
iodine  ;  and  of  sulphur,  selenium,  and  tellurium,  [What 
is  this  relation  ?] 

Flame  Reactions. — When  apiece  of  clean  platinum 
wire  is  held  for  some  time  in  the  flame  of  the  Bunsen 
burner,  it  then  imparts  no  colour  to  the  flame.  If  now  a 
small  piece  of  sodium  carbonate  or  any  other  salt  of 
sodium  be  put  in  it,  the  flame  is  coloured  intensely  yellow. 
All  sodium  compounds  have  this  power,  and  hence  the 
chemist  makes  use  of  the  fact  for  the  purpose  of  detect- 
ing the  presence  of  sodium.  Similarly,  potassium  com- 
pounds colour  the  flame  violet. 

EXPERIMENT  1 10. — Prepare  some  pieces  of  platinum  wire,  8 
to  10  cm.  long,  with  a  small  loop  on  the  end.  After  thoroughly 
cleaning  them,  insert  one  in  a  little  sodium  carbonate  and  notice 
the  colour  it  gives  to  the  flame.  Try  another  with  potassium 
carbonate. 
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To  Separate  Two  or  More  Colours. — While  it 
is  an  easy  matter  to  recognise  potassium  alone,  or  sodium 
alone,  it  is  not  so  easy  to  do  so  when  they  are  together 
in  the  same  compound.  The  intense  yellow  caused  by 
the  sodium  completely  masks  the  more  delicate  violet 
caused  by  the  potassium,  so  that  the  latter  cannot  be 
seen  by  the  unaided  eye.  In  this  particular  case  we  can 
get  over  the  difficulty  by  letting  the  light  pass  through  a 
blue  glass,  or  a  thin  vessel  filled  with  a  solution  of  indigo. 
The  yellow  light  is  thus  cut  off,  while  the  violet  light 
passes  through  and  can  be  recognised. 

The  Prism  and  the  Spectrum. — A  better  method 
for  detecting  what  a  light  is  made  of  is  by  means  of  a 
prism.  Lights  of  different  colours  are  turned  out  of  their 
course  to  different  extents  when  passed  through  a  prism, 
as  is  seen  in  the  case  of  sunlight.  A  narrow  beam  of 
white  light  passing  in  emerges  as  a  band  of  various  colours, 
called  its  spectrum.  It  is  thus  seen  that  white  light  is 
made  of  different  coloured  lights.  Similarly,  we  can  de- 
termine what  any  light  is  composed  of.  Every  light 
has  its  characteristic  spectrum.  The  light  produced  by 
burning  sodium,  or  by  introducing  a  sodium  compound 
in  a  colourless  flame,  has  a  spectrum  consisting  of  a 
narrow  yellow  band.  The  spectrum  of  potassium  con- 
sists mainly  of  two  bands,  one  red  and  one  violet. 
Further,  these  bands  always  occupy  definite  positions 
relatively  to  one  another,  so  that,  in  looking  through  a 
prism  at  the  light  caused  by  potassium  and  sodium,  the 
yellow  band  of  sodium  is  seen  in  its  position,  and  the 
two  potassium  bands  in  their  positions. 

The  Spectroscope. — The  instrument  used  for  the 
purpose  of  examining  the  spectra  of  different  lights  is 
called  the  spectroscope.  It  consists  essentially  of  a  prism 
and  two  tubes.  Through  one  of  the  tubes  the  light  to 
be  examined  is  allowed  to  pass  so  as  to  strike  on  the 
prism.  The  light  emerges  from  the  other  side  of  the 
prism,  and  is  observed  through  the  other  tube  which 
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is  provided  with  lenses  for  the  purpose  of  magnifying  the 
spectrum.  By  means  of  the  spectroscope  it  is  possible 
to  detect  the  minutest  quantities  of  some  elements,  and, 
since  it  was  devised,  several  new  elements  have  been 
discovered  through  its  aid,  as,  for  example,  caesium, 
rubidium,  thallium,  indium,  and  gallium. 


CHAPTER    XX 

THE  CALCIUM    FAMILY  :     CALCIUM,    BARIUM, 
STRONTIUM 

Calcium,  Ca  (At.  Wt.  40).  This  is  the  principal 
member  of  the  family.  It  is  widely  distributed  in  nature 
and  in  enormous  quantities ;  principally  as  carbonate, 
CaCO3,  in  the  form  of  limestone,  marble,  and  chalk  ;  as 
sulphate,  CaSO4,  in  the  form  of  gypsum  ;  as  phosphate, 
Ca3(PO4)9,  in  phosphorite  and  apatite ;  as  fluoride, 
CaF2,  in  fluor-spar. 

The  element  is  not  easily  made.  It  acts  upon  water 
just  as  sodium  and  potassium  do. 

Compounds  of  Calcium. — The  principal  com- 
pounds of  calcium  with  which  we  have  to  deal  are  the 
chloride,  CaCl.2 ;  the  oxide,  or  quicklime,  CaO  ;  the 
hydroxide,  or  slaked  lime,  CaO0H2 ;  the  hypochloritc, 
Ca(OCl)2  ;  the  carbonate,  CaCO3";  the  sulphate,  CaSO4  ; 
the  phosphate,  Ca3(PO4)2  ;  and  the  silicates,  in  the  form 
of  glass. 

Calcium  Chloride,  CaCl2. — The  property  which 
gives  this  salt  its  value  is  its  power  to  absorb  water.  It 
is  used  as  a  drying  agent.  Gases  are  passed  through  it 
for  the  purpose  of  drying  them,  and  it  is  also  placed  in 
vessels  in  which  it  is  necessary  that  the  atmosphere 
should  be  kept  dry. 

EXPERIMENT  ill. — Dissolve  10  to  20  grams  of  limestone 
or  marble  in  ordinary  hydrochloric  acid.  Evaporate  to  dryness. 
Expose  a  few  pieces  of  the  residue  to  the  air.  Does  it  become 
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moist  ?  In  what  experiments  has  calcium  chloride  been  used, 
and  for  what  purposes  ?  What  would  happen  if  sulphuric  acid 
were  added  to  calcium  chloride  ?  Try  it.  Explain  what  takes 
place.  Is  the  residue  soluble  or  insoluble  in  water  ? 

Calcium  Oxide,  CaO.  —  This  is  the  substance  com- 
monly called  lime.  It  is  made  by  heating  calcium  car- 
bonate, which  is  decomposed  into  lime  and  carbon 
dioxide  : 


Limekilns  are  large  furnaces  in  which  limestone  and 
other  forms  of  calcium  carbonate  are  heated  and  con- 
verted into  lime. 

Lime  is  a  white  substance  which  does  not  melt.  When 
heated  in  the  flame  of  the  compound  blow-pipe  it  gives 
forth  an  intense  light,  as  any  other  infusible  substance 
would  under  the  same  circumstances.  When  exposed  to 
the  air,  it  attracts  moisture  and  carbon  dioxide,  and  is 
thus  converted  into  the  carbonate.  This  change  is  called 
air-slaking,  and  lime  thus  changed  is  said  to  be  air- 
slaked. 

Calcium  Hydroxide,  CaO2H2.  —  When  calcium 
oxide  or  quicklime  is  treated  with  water  it  becomes  hot 
and  crumbles  to  a  fine  powder.  The  substance  which 
is  formed  in  this  operation  is  somewhat  soluble  in  water, 
the  solution  being  known  as  lime-water. 

Slaking.  —  The  action  which  takes  place  when  lime 
is  treated  with  water  is  called  slaking.  It  is  represented 
by  the  equation 

CaO  +  H20  =  CaO2H2. 
The  oxide  is  converted  into  the  hydroxide  or  hydrate. 

EXPERIMENT  112.  —  To  40  or  50  grams  good  quicklime  add 
100  cc.  water.  What  takes  place?  Afterwards  dilute  to  2  to  3 
litres  and  put  the  whole  in  a  wide-stoppered  bottle.  The  un- 
dissolved  lime  will  settle  to  the  bottom,  and  in  the  course  of 
some  hours  the  solution  above  will  become  clear.  Carefully 
pour  off  some  of  the  clear  solution.  What  takes  place  when 
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some  of  the  solution  is  exposed  to  the  air  ?  When  the  gases 
from  the  lungs  are  passed  through  it  ?  When  carbon  dioxide  is 
passed  through  it  ?  What  takes  place  when  dilute  sulphuric 
acid  is  added  to  lime-water?  Is  calcium  sulphate  difficultly  or 
easily  soluble  in  water  ?  Has  lime-water  an  alkaline  reaction  ? 
What  reaction  would  you  expect  to  take  place  between  lime  and 
nitric  acid  ? 

Calcium  Hypochlorite,  Ca(OCl)2,  has  already  been 
treated  of  sufficiently  under  the  head  of  chlorine.  It 
need  only  be  repeated  that  the  form  in  which  chlorine  is 
transported  is  "bleaching  powder"  or  "chloride  of  lime" 
This  is  a  compound  containing  calcium  hypochlorite  and 
calcium  chloride,  Ca(OCl)2  +  CaCl2,  which  is  made  by 
passing  chlorine  into  slaked  lime: 

2Ca(OH)2  +  4C1  -  Ca(OCl)2  +  CaCl2  +  2H2O. 


Bleaching-powder. 

How  Bleaching-powder  Gives  up  Chlorine.— 
Bleaching-powder  gives  up  its  chlorine  by  simple  ex- 
posure to  the  air  in  consequence  of  the  action  of  the 
carbon  dioxide.  The  addition  of  an  acid  causes  a  rapid 
evolution  of  chlorine. 

Calcium  Carbonate,  CaCO3. — This  salt  occurs  in 
nature  in  the  well-known  forms  calc-spar,  limestone, 
marble,  and  chalk.  The  variety  of  calc-spar  found  in 
Iceland,  and  known  as  Iceland  spar,  is  particularly  pure 
calcium  carbonate.  The  salt  also  forms  the  principal 
part  of  oyster-shells,  coral,  etc.  In  some  caves  water 
containing  calcium  carbonate  in  solution  drips  down, 
and  the  salt  is  deposited  in  the  solid  form  from  the 
solution.  Thus  there  are  formed  hanging  pieces,  shaped 
like  icicles,  and  below  them  reaching  up  from  the  bottom 
are  similar  pieces  with  the  pointed  ends  upwards.  Those 
which  hang  down  from  above  are  called  stalactites j  those 
on  the  bottom  are  called  stalagmites. 

Calcium  Sulphate,  Gypsum,  CaSO4-|- 2H2O. — 
Gypsum  is  the  principal  variety  of  calcium  sulphate. 
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When  heated  it  loses  its  water  of  crystallisation  and 
forms  a  powder  called  plaster  of  Paris,  which  has  the 
power  of  taking  up  water  and  forming  a  solid  substance. 
The  process  of  solidification  is  known  as  "setting." 
Plaster  of  Paris  is  largely  used  in  making  casts. 

Permanent  Hardness  of  "Water. — Calcium  sul- 
phate is  somewhat  soluble  in  water.  A  natural  water 
containing  it  is  called  a  hard  water,  just  as  is  water 
which  contains  calcium  carbonate.  The  hardness  caused 
by  calcium  carbonate  is  remedied  by  boiling  the  water,  and 
is,  therefore,  called  temporary  hardness, -while  that  which  is 
caused  by  gypsum  is  not  remedied  by  boiling,  and  is  there- 
fore called  permanent  hardness.  Why  the  water  is  called 
hard  will  be  explained  when  the  subject  of  soap  is  treated. 

How  to  Improve  Hard  "Water. — Water  which 
holds  calcium  carbonate  in  solution  can  be  made  soft  by 
adding  a  little  lime  to  it.  This  forms  insoluble  calcium 
carbonate  with  the  carbon  dioxide,  and,  as  soon  as  the 
carbon  dioxide  is  removed,  the  calcium  carbonate  which 
is  in  solution  is  precipitated.  If  the  hardness  is  caused 
by  calcium  sulphate  the  addition  of  a  little  carbonate  of 
soda  will  precipitate  the  calcium  as  calcium  carbonate, 
and  sodium  sulphate  will  be  left  in  solution  : 

CaS04  +  Na2C03  =  CaCO3  +  Na2SO4. 

[Try  these  reactions.] 

Gypsum  Valuable  as  a  Fertiliser. — The  addition 
of  gypsum  to  a  soil  increases  its  fertility,  and  it  is  there- 
fore frequently  used  by  farmers  to  increase  their  .crops. 

EXPERIMENT  113. — Heat  some  powdered  gypsum  to  about 
200°  in  an  air-bath.  Examine  what  is  left  and  see  whether  it 
will  become  solid  when  mixed  with  a  little  water  so  as  to  form 
a  paste.  See  whether  gypsum  itself  will  act  in  the  same  way. 

Calcium  Phosphate,  Cag(PO4)2. — The  normal 
phosphate  in  which  all  the  hydrogen  of  phosphoric  acid 
is  replaced  by  calcium  is  found  in  nature  as  phosphorite, 
and  in  combination  with  calcium  fluoride  or  chloride  as 
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apatite.  Further,  it  is  the  chief  earthy  constituent  of 
bones,  and  is  found  in  large  quantity  in  bone-ash. 

Calcium  Phosphate  as  a  Fertiliser.  —  Plants 
need  phosphoric  acid  for  their  growth,  and  hence  it 
must  be  present  in  the  soil  if  the  plants  are  to  flourish. 
Ordinary  normal  calcium  phosphate  is  not  soluble,  and 
is  therefore  not  easily  taken  up  by  the  plants.  It  can 
be  rendered  soluble  by  adding  sulphuric  acid  to  it,  and 
then  it  is  readily  used  by  the  plants. 

Superphosphate  of  Lime. — Normal  calcium  phos- 
phate which  has  been  treated  with  a  certain  proportion 
of  sulphuric  acid  forms  the  valuable  artificial  fertiliser 
known  as  superphosphate  of  lime.  This  is  a  mixture 
of  the  phosphate  Ca(H2PO4)2  and  calcium  phosphate, 
formed  thus  : 

Ca3(P04)2  +  H2S04  =  2CaS04  +  Ca(H2PO4).2. 

Superphosphate  of  lime. 

Mortar. — Mortar  is  made  of  slaked  lime  and  sand. 
When  this  mixture  is  exposed  to  the  air,  carbonate  of 
calcium  is  slowly  formed,  and  the  mass  becomes  extremely 
hard.  The  water  contained  in  the  mortar  soon  passes 
off,  but  nevertheless  freshly-plastered  rooms  remain  moist 
for  a  considerable  length  of  time.  This  is  due  to  the 
fact  that  a  reaction  is  constantly  taking  place  between 
the  carbon  dioxide  and  calcium  hydroxide  in  which 
calcium  carbonate  and  water  are  formed, 

CaO2H2  +  CO2  =  CaCO3  +  H2O, 

and  it  is  the  water  thus  set  free  which  keeps  the  air 
moist.  The  complete  conversion  of  the  lime  into  car- 
bonate requires  a  very  long  time,  because  the  carbonate 
which  is  formed  on  the  surface  tends  to  protect  the  lime 
in  the  interior.  The  hardening  may  be  promoted  by 
keeping  up  fires  of  coke  or  charcoal  and  allowing  the 
products  of  combustion  to  escape  into  the  rooms. 

Glass.- — Common  glass  is  a  silicate  of  calcium  and 
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sodium,  made  by  melting  together  sand  (silicon  dioxide, 
SiO2)  with  lime,  or  calcium  carbonate,  and  sodium 
carbonate.  When  potassium  carbonate  is  used  instead 
of  sodium  carbonate  the  glass  is  more  difficultly  fusible. 
Bohemian  glass,  which  is  so  extensively  used  in  the 
manufacture  of  chemical  apparatus,  is  a  silicate  of  calcium 
and  potassium.  Flint-glass,  which  is  especially  valuable 
for  the  manufacture  of  optical  instruments,  contains  lead 
instead  of  calcium.  It  melts  much  more  readily  than 
calcium  glass. 

Coloured  Glass. — Colours  are  given  to  glass  by 
putting  in  the  fused  mass  small  quantities  of  various 
substances.  Thus  a  cobalt  compound  makes  glass  blue ; 
copper  and  chromium  make  it  green  ;  one  of  the  oxides 
of  copper  makes  it  red,  etc. 

Compounds  of  Barium  and  Strontium. — These 
closely  resemble  those  of  calcium.  Barium  forms  an 
oxide,  BaO,  corresponding  to  lime,  and  also  another  one 
known  as  barium  dioxide,  BaO2.  This  is  formed  by 
passing  oxygen  or  air  over  barium  oxide  heated  to  a  dull 
red  heat.  At  a  higher  temperature  it  gives  off  the 
oxygen.  These  facts  have  recently  been  taken  advantage 
of  for  the  purpose  of  extracting  oxygen  from  the  air. 

Barium  Dioxide  Used  in  Making  Hydrogen 
Dioxide. — Barium  dioxide  has  already  been  referred  to 
in  describing  the  preparation  of  hydrogen  dioxide, 
H2O2.  When  it  is  treated  with  sulphuric  acid  this 
reaction  takes  place : 

Ba02  +  H2SO4  =  H2O2  +  BaSO4. 

When  it  is  treated  with  hydrochloric  acid  hydrogen 
dioxide  is  also  formed,  thus  : 

BaO2  +  2HC1  =  H2O2  +  BaCl.2. 

[Compare  this  with  the  reaction  which  takes  place 
when  hydrochloric  acid  acts  upon  manganese  dioxide.] 

Flame  Reactions. — Calcium  compounds  colour  the 
flame  reddish  yellow ;  strontium  compounds,  intense 


xx  THE  CALCIUM  FAMILY  177 

red  ;  and  barium  compounds,  yellowish  green.  They 
are  frequently  used  for  the  purpose  of  producing  coloured 
lights. 

Relations  between  the  Atomic  "Weights. — 
The  atomic  weight  of  calcium  is  40,  that  of  strontium 
87.5,  and  that  of  barium  137.  [Why  is  this  fact  of 
special  interest  ?] 


CHAPTER    XXI 

THE    MAGNESIUM    FAMILY  :    MAGNESIUM,    ZINC, 
CADMIUM 

THE   COPPER    FAMILY  :    COPPER,    MERCURY,    SILVER 

Magnesium,  Mg  (At.  Wt.  24). — Magnesium  occurs 
very  widely  distributed  in  nature,  and  in  considerable 
quantities.  Among  the  important  magnesium  minerals 
are  magnesite,  which  is  the  carbonate,  MgCO3  ;  dolomite, 
a  carbonate  of  magnesium  and  calcium  ;  soapstone,  ser- 
pentine, and  meerschaum,  which  is  essentially  a  silicate 
of  magnesium.  Further,  there  are  many  well-known 
minerals  which  contain  magnesium,  as  asbestos  and  horn- 
blende. The  element  is  also  found  in  solution  in  many 
spring-waters  in  the  form  of  the  sulphate,  which  is  known 
as  Epsom  salt. 

Preparation  of  Magnesium. — It  is  prepared  by 
treating  magnesium  chloride  with  sodium  at  a  high 
temperature. 

Properties. — It  is  a  silver- white  metal  with  a  high 
lustre.  In  the  air  it  changes  slowly,  but  it  gradually 
becomes  covered  with  a  layer  of  the  oxide.  It  burns 
with  a  bright  flame,  forming  the  white  oxide.  At 
ordinary  temperatures  magnesium  does  not  decompose 
water ;  at  1 00°  it  decomposes  it  slowly.  [Compare 
magnesium  with  potassium  and  sodium  in  this  respect.] 

Magnesium  Oxide,  MgO. — This  compound  is  com- 
monly called  magnesia.  A  fine  white  variety  is  made 
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by  heating  precipitated  magnesium  carbonate  ;  this  is 
called  magnesia  us/a.  It  is  very  difficultly  soluble  in 
water,  forming  with  it  magnesium  hydroxide,  MgO2H2, 
which  is  practically  insoluble  in  water.  [What  differ- 
ence is  there  between  magnesium  and  calcium  in  this 
respect  ?] 

Zinc,  Zn  (At.  Wt.  65). — Zinc  occurs  in  nature  in 
combination  as  the  carbonate ',  or  calamine,  ZnCO3,  as  the 
silicate,  and  as  the  sulphide,  or  zinc  blende,  ZnS. 

Preparation  of  Zinc. — It  is  prepared  by  mixing 
the  oxide  with  charcoal  and  heating  in  earthenware 
retorts.  The  metal,  being  volatile,  passes  over  and  is 
condensed. 

Properties  of  Zinc. — Zinc  has  very  different  pro- 
perties at  different  temperatures.  At  ordinary  tempera- 
tures it  is  quite  brittle  ;  at  ioo°-i5o°  it  can  be  rolled  out 
in  sheets,  but  above  200°  it  becomes  brittle  again.  In 
dry  air  it  does  not  change.  When  heated  in  the  air  it 
takes  fire,  and  burns  with  a  bluish  flame,  forming  zinc 
oxide.  It  dissolves  in  all  the  common  acids,  usually 
with  an  escape  of  hydrogen. 

Uses. — It  is  used  very  largely  in  making  batteries. 
Iron  covered  with  a  layer  of  zinc  is  known  as  galvanised 
iron.  Zinc  is  one  of  the  constituents  of  brass,  the  other 
being  copper.  German  silver  consists  of  brass  to  which 
some  nickel  has  been  added. 

Zinc  Oxide,  ZnO,  is  obtained  as  Flores  zinci  by 
burning  zinc,  and  by  heating  the  carbonate  or  nitrate  of 
zinc.  It  turns  yellow  when  heated,  but  becomes  white 
again  on  cooling. 

EXPERIMENT  1 14. — In  a  furnace,  or  In  a  hot  stove  fire,  heat 
a  small  sand  crucible  to  a  bright  red  heat.  Throw  into  it 
pieces  of  zinc.  If  the  temperature  is  high  enough  the  zinc  will 
boil  and  the  vapour  will  burn  with  a  bright  light,  and  dense 
white  fumes  of  the  oxide  will  be  formed. 

Zinc  oxide  is  used  as  a  constituent  of  paint  under  the 
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name  zinc-white.      Lead-white  turns  black  quite  readily. 
Zinc-white  does  not. 

Zinc  Sulphate,  ZnSO4  +  ?H2O.  —  The  common 
name  of  this  salt  is  white  vitriol.  It  is  obtained  on  the 
large  scale  by  heating  zinc  sulphide  in  contact  with  the 
air.  Under  these  circumstances  the  sulphide  is  oxidised  : 


This  operation  is  known  as  roasting.  By  roasting 
zinc  sulphide  at  a  higher  temperature  it  is  converted  into 

zinc  oxide  : 

ZnS  +  30  =  ZnO  +  SO2. 

Zinc  sulphate  is  also  formed  in  large  quantities  in 
galvanic  batteries  and  in  the  preparation  of  hydrogen. 

Copper,  Cu  (At.  Wt.  63.2).  —  Copper  occurs  in 
nature  in  the  uncombined  or  native  state  in  large  quanti- 
ties in  the  neighbourhood  of  Lake  Superior,  United 
States,  and  in  Chili.  It  also  occurs  in  combination  with 
oxygen  as  ruby  copper,  which  is  the  oxide,  Cu2O  ;  and 
with  sulphur  and  iron  in  copper  pyrites^ 

Preparation  of  Copper.  —  Copper  is  obtained  from 
the  oxide  by  heating  it  with  charcoal.  [This  reduction 
has  been  illustrated  under  the  head  of  carbon  (see 
Experiment  70).]  It  is  also  obtained  from  the  sulphides. 
The  chemical  changes  involved  are  comparatively  com- 
plicated. 

Properties.  —  Copper  is  a  hard  metal  of  a  reddish 
colour  and  metallic  lustre.  In  dry  air  it  does  not  change, 
but  in  moist  air  it  gradually  becomes  covered  with  a 
green  layer  of  a  carbonate  of  copper.  Nitric  acid  dis- 
solves it,  copper  nitrate,  Cu(NO3)2,  being  formed,  and 
oxides  of  nitrogen  evolved  [explain  the  reaction]  ;  hy- 
drochloric acid  does  not  act  upon  it  ;  sulphuric  acid  acts 
when  heated  with  the  metal  ;  the  sulphate,  CuSO4,  is 
formed  and  sulphur  dioxide  given  off  [explain  the  re- 
action]. Copper  cannot  decompose  water,  even  when 
water  vapour  is  passed  over  the  metal  heated  to  red 
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heat.  [Compare  with  the  conduct  of  the  members  of 
the  potassium,  calcium,  and  magnesium  families.] 

Copper-plating. — Copper  is  precipitated  from  solu- 
tions of  its  salts  by  zinc,  iron,  and  some  other  metals, 
and  by  an  electric  current. 

EXPERIMENT  115. — Into  a  neutral  solution  of  copper  sul- 
phate insert  a  strip  of  zinc.  The  zinc  will  become  covered  with 
a  layer  of  copper,  and  zinc  will  pass  into  solution  as  zinc 
sulphate.  The  zinc  simply  displaces  the  copper  in  this  case, 
as  it  displaces  hydrogen  from  sulphuric  acid  : 

Zn  +  CuSO4  =  ZnSO4  +  Cu  ; 
Zn  +  H2SO4  =  ZnSO4  +  H2. 

Perform  a  similar  experiment,  using  a  strip  of  sheet-iron  in- 
stead of  zinc.  [What  is  the  result  ?] 

The  deposition  of  metallic  copper  from  solutions  of 
its  salts  is  extensively  used  in  copper-plating.  The 
object  to  be  covered  with  copper  is  hung  in  a  solution  of 
copper  sulphate  and  connected  with  one  pole  of  a  gal- 
vanic battery,  the  other  pole  being  also  in  the  solution. 
Decomposition  takes  place,  and  a  layer  of  copper  is 
deposited  on  the  object. 

Alloys  of  Copper. — Mixtures  of  metals  made  by 
melting  them  together  are  called  alloys.  Brass  is  an 
alloy  consisting  of  about  I  part  of  zinc  and  2  parts  of 
copper.  Bell-metal  and  bronze  are  alloys  of  copper  and 
tin. 

Copper  Forms  Two  Series  of  Salts.  —  Copper 
has  the  power  to  form  two  distinct  series  of  compounds, 
of  which  the  following  are  examples  : 

CuCl,  CuCl2; 
CuBr,  CuBr2; 
Cu2O,  CuO. 

Those  which  belong  to  the  first  class,  corresponding  to 
the  chloride,  CuCl,  are  called  cuprous  compounds. 
Thus,  CuCl  is  cuprous  chloride  j  Cu2O,  cuprous  oxide, 
etc.  On  the  other  hand,  compounds  of  the  second  class 
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are  called  cupric  compounds.  Thus,  CuCl2  is  cupric 
chloride  ;  CuO,  cupric  oxide,  etc.  Mercury,  iron,  and 
some  other  metals  also  form  two  series  of  compounds 
which  differ  from  each  other  in  much  the  same  way. 

Cuprous  Oxide,  Cu2O,  is  found  in  nature  as  ruby 
copper,  and  is  formed  when  copper  is  heated  in  contact 
with  the  air.  It  is  a  bright-red,  insoluble  compound. 

Cupric  Oxide,  CuO,  is  obtained  by  heating  copper 
to  redness  in  contact  with  the  air,  or  by  heating  the 
nitrate.  It  is  also  formed  when  caustic  soda  or  potash 
is  added  to  a  boiling-hot  solution  of  a  copper  salt.  If 
the  solution  is  cold,  blue  cupric  hydroxide,  CuO2H2,  is 
precipitated,  but  this  easily  loses  water,  particularly  if 
the  solution  is  heated.  The  reactions  which  take  place 
are  : 

CuSO4+2NaOH  =  CuO2H2  +  Na2SO4,  and 


EXPERIMENT  116.  —  Add  some  caustic  soda  or  potash  to  a 
small  quantity  of  a  cold  solution  of  copper  sulphate  in  a  test- 
tube.  After  noticing  the  appearance  of  the  precipitate  first 
formed,  heat.  What  change  takes  place  ? 

Copper  Sulphate,  CuSO4+5H2O.  —  This  salt  is 
manufactured  on  a  large  scale,  and  is  commonly  known 
by  the  name  "  blue  vitriol."  [What  salt  is  called  "  white 
vitriol  "  ?]  It  forms  large  blue  crystals,  which,  when 
heated,  lose  water  and  become  colourless.  The  colour- 
less substance  becomes  blue  again  in  contact  with 
water 

Mercury,  Hg  (At.  Wt.  200).  —  Mercury  occurs  in 
the  uncombined  state  as  drops  enclosed  in  rocks,  though 
principally  in  combination  with  sulphur  as  cinnabar, 
HgS.  It  is  obtained  by  roasting  cinnabar,  when  vapours 
of  mercury  and  sulphur  dioxide  are  given  off.  The 
mercury  is  then  condensed  in  appropriate  vessels.  It 
is  a  silver-  white  metal  of  a  high  lustre.  At  ordinary 
temperatures  it  is  liquid,  though  it  becomes  solid  at 
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—  39°- 5-  It  does  not  change  in  the  air  at  ordinary  tem- 
peratures. It  is  insoluble  in  hydrochloric  acid  and  cold 
sulphuric  acid.  [Try  each.]  It  dissolves  in  hot  con- 
centrated sulphuric  acid,  and  is  easily  soluble  in  nitric 
acid.  [Try  each.]  The  vapour  of  mercury  is  very 
poisonous. 

Amalgams.  —  With  other  metals  mercury  forms 
alloys  called  amalgams.  In  ordinary  galvanic  batteries 
the  zinc  plates  are  treated  with  mercury,  and  thus 
covered  with  a  layer  of  zinc  amalgam  which  protects 
them  from  the  action  of  the  acids  used. 

Mercuric  Oxide,  HgO,  is  the  red  substance  which 
was  used  in  one  of  the  first  experiments  for  the  purpose 
of  preparing  oxygen.  It  is  formed  when  mercury  is 
heated  for  some  time  near  its  boiling-point  in  contact 
with  the  air,  and  is  made  by  heating  the  nitrate. 

Mercurous  Chloride,  HgCl,  is  commonly  known 
by  the  name  calomel.  It  is  precipitated  when  a  soluble 
chloride  or  hydrochloric  acid  is  added  to  a  solution  of 
any  mercurous  salt.  It  is  manufactured  by  subliming 
an  intimate  mixture  of  mercuric  chloride  and  mercury  : 

HgCl2+Hg  =  2HgCl. 

It  is  a  white  substance,  insoluble  in  water,  which 
finds  extensive  application  in  medicine. 

Mercuric  Chloride,  HgCl2,  commonly  called  cor- 
rosive sublimate,  is  manufactured  on  the  large  scale  by 
subliming  an  intimate  mixture  of  mercuric  sulphate  and 
common  salt : 

HgS04  +  2 NaCl  -  Na2SO4  +  HgCl2. 

It  is  a  white  substance,  soluble  in  water.  It  is  ex- 
tremely poisonous,  and  prevents  the  decay  of  organic 
substances. 

Silver,  Ag  (At.  Wt.  108). — Silver  occurs  in  the  un- 
combined  state  or  native  ;  in  combination  with  sulphur  ; 
and  with  sulphur  and  other  metals.  Small  quantities  of 
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silver  sulphide  are  found  in  almost  all  varieties  of  galen- 
ite  or  lead  sulphide.  It  occurs  more  rarely  as  the 
chloride,  bromide,  and  iodide. 

Extraction  of  Silver  from  its  Ores. — Much  of 
the  silver  used  is  obtained  from  galenite.  This  mineral 
is  treated  in  such  a  way  as  to  effect  the  separation  of 
the  lead  (see  Lead),  and  the  silver  is  separated  from 
sulphur  at  the  same  time.  But  it  is  dissolved  in  a  large 
quantity  of  lead,  and  the  problem  which  presents  itself 
to  the  metallurgist  is  how  to  separate  the  small  quantity 
of  silver  from  the  large  quantity  of  lead. 

Pattisoris  Process. — The  separation  of  the  silver  from 
the  lead  is  accomplished  by  a  process  invented  by 
Pattison.  It  consists  in  melting  the  mixture  and  allow- 
ing it  to  cool  until  crystals  appear.  These  are  nearly 
pure  lead.  They  are  dipped  out  and  the  liquid  left  is 
again  treated  in  the  same  way.  By  this  means  there  is 
finally  obtained  a  product  which  is  rich  in  silver,  but 
which  still  contains  some  lead.  This  is  heated  in  appro- 
priate vessels  in  contact  with  the  air,  when  the  lead  is 
oxidised,  while  the  silver  remains  in  the  metallic  state. 
This  last  process  is  called  cupellation. 

Amalgamation  Process. — Some  ores  of  silver  are 
treated  in  another  way,  known  as  the  amalgamation 
process.  The  x>res  are  mixed  with  common  salt  and 
roasted,  when  the  silver  is  obtained  in  the  form  of  the 
chloride.  The  mass  is  then  treated  with  iron  and 
water,  when  this  reaction  takes  place  : 

2  AgCl  +  Fe  =  FeCl2  +  2  Ag. 

The  mass  is  next  treated  with  mercury,  which  forms 
an  amalgam  with  the  silver.  When  this  amalgam  is 
taken  out,  dried  and  heated,  the  mercury  passes  over, 
while  the  silver  remains  behind. 

Properties  of  Silver. — Silver  is  a  white  metal  with 
a  high  lustre.  It  is  not  acted  upon  by  air,  oxygen,  or 
water  at  ordinary  temperatures.  Sulphur  acts  readily 
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upon  it,  causing  it  to  blacken  superficially,  the  black 
coating  being  silver  sulphide.  Silver  coins  and  other 
articles  carried  in  the  pockets  are  apt  to  become  tarnished 
in  consequence  of  the  presence  of  small  quantities  of 
sulphur  in  the  perspiration. 

Alloys  of  Silver. — The  silver  which  is  used  for 
coins  and  most  other  purposes  is  an  alloy  with  copper, 
the  pure  metal  being  too  soft.  The  alloy  usually  con- 
tains from  7^  to  10  per  cent  of  copper. 

Silver-plating1. — Objects  are  covered  with  silver 
mostly  by  connecting  them  with  one  pole  of  an  electric 
battery  and  placing  them  in  a  bath  containing  a  silver  salt 
in  solution,  in  which  the  other  pole  of  the  battery  is  also 
inserted.  Glass  is  covered  with  silver  by  putting  it  into 
a  solution  containing  silver  together  with  something 
which  has  the  power  to  separate  the  silver  in  the  metallic 
state  when  heated.  Under  these  circumstances  the 
silver  is  deposited  in  a  smooth,  lustrous  layer.  Mirrors 
are  made  in  this  way. 

Silver  Nitrate,  AgNO3,  is  known  also  by  the  name 
"  lunar  caustic,"  as  it  has  the  power  to  destroy  the  flesh, 
and  is  therefore  used  to  burn  out  wounds.  It  is  prepared 
by  dissolving  silver  in  dilute  nitric  acid.  Marks  made 
by  silver  nitrate  turn  black  in  the  sunlight.  Hence  this 
salt  is  used  as  a  constituent  of  indelible  inks.  When 
working  with  silver  salts  the  fingers  are  apt  to  become 
stained.  These  stains  and  generally  any  spots  made  by 
silver  salts  can  be  removed  by  a  solution  of  potassium 
cyanide,  which  forms  soluble  salts  with  compounds  of 
silver.1 

EXPERIMENT  117. — Dissolve  a  shilling  or  a  sixpence  in 
dilute  nitric  acid.  What  action  takes  place  ?  Dilute  the 
solution  to  200  to  300  cc.  with  water.  What  is  the  colour  of 

1  Quite  recently  some  scoundrel  disfigured  the  beautiful  marble  statue  of 
the  great  chemist  Liebig  which  is  in  Munich  by  bespattering  it  with  a  solu- 
tion of  nitrate  of  silver.  The  professors  of  chemistry  in  the  university 
succeeded,  however,  in  completely  removing  the  stains  by  applying  a  paste 
containing  potassium  cyanide. 
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the  solution  ?  What  does  this  indicate  ?  Does  this  colour 
prove  the  presence  of  copper  ?  Add  a  solution  of  common  salt 
until  it  ceases  to  produce  a  precipitate.  The  chemical  change 
which  takes  place  is  expressed  by  the  equation 

AgNO3  +  NaCl  =  AgCl  +  NaNO3. 

Insoluble. 

The  copper  nitrate  is  not  changed  and  remains  in  solution. 
Filter  off  the  white  silver  chloride  and  carefully  wash  with  hot 
water.  Dry  the  precipitate  on  the  filter,  by  placing  the  funnel 
with  the  filter  and  precipitate  in  an  air-bath  heated  to  about 
no0.  Remove  the  precipitate  from  the  filter  and  put  it 
into  a  porcelain  crucible.  Heat  gently  with  a  small  flame  until 
the  chloride  is  melted.  Cut  out  a  piece  of  sheet-zinc  large 
enough  to  cover  the  silver  chloride.  Lay  it  on  the  silver 
chloride.  Now  add  a  little  water  and  a  few  drops  of  dilute 
sulphuric  acid,  and  let  the  whole  stand  for  twenty- four  hours. 
The  silver  chloride  is  changed  to  silver,  and  zinc  chloride  is 
formed  : 

Zn  +  2  AgCl  =  ZnCl2  +  2  Ag. 

Take  out  the  piece  of  zinc  and  wash  the  silver  with  a  little 
dilute  sulphuric  acid,  and  then  with  water.  Dissolve  the  silver 
in  dilute  nitric  acid  and  evaporate  to  dryness  on  the  water-bath, 
so  that  the  excess  of  nitric  acid  is  driven  off.  Dissolve  the 
residue  in  water,  and  put  the  solution  either  in  a  bottle  of  dark 
glass  or  one  wrapped  in  dark  paper. 

EXPERIMENT  118. — To  a  few  cubic  centimetres  of  water  in 
a  test-tube  add  5  to  10  drops  of  the  solution  of  silver  nitrate 
just  prepared.  To  this  dilute  solution  add  a  little  of  a  dilute 
solution  of  sodium  chloride.  What  takes  place  ?  Place  it  aside 
where  the  light  can  shine  upon  it,  and  notice  the  change  of 
colour  which  gradually  takes  place.  In  the  same  way  make  the 
bromide  by  adding  potassium  bromide,  and  the  iodide  by  adding 
potassium  iodide  to  silver  nitrate. 

Photography. — The  last  experiments  showed  that 
the  chloride,  bromide,  and  iodide  of  silver  are  insoluble 
in  water  and  are  changed  by  light.  The  art  of  photo- 
graphy is  based  upon  the  changes  which  certain  com- 
pounds, especially  salts  of  silver,  undergo  when  exposed 
to  the  light.  A  plate  of  glass  is  covered  with  a  thin 
layer  of  a  salt  of  silver.  The  plate  is  then  exposed  in 
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the  camera  to  the  action  of  the  light  from  the  object  to 
be  photographed.  Where  the  light  acts  upon  the  salt 
it  is  changed,  while  where  the  light  does  not  act  it  is  not 
changed.  An  image  of  the  object  towards  which  the 
plate  was  directed  is  thus  left  on  the  plate.  The  image 
must  be  developed  by  treating  the  plate  with  a  solution 
of  gallic  or  pyrogallic  acid,  or  a  solution  of  ferrous  sul- 
phate. After  the  image  is  developed,  the  plate  is  treated 
with  something  which  dissolves  the  unchanged  silver 
salt.  The  best  substance  for  this  purpose  is  a  solution 
of  sodium  hyposulphite. 


CHAPTER    XXII 

THE   ALUMINIUM    FAMILY — THE    IRON    FAMILY  :     IRON, 
COBALT,   NICKEL 

Aluminium,  Al  (At.  Wt.  27). — Aluminium  is  the 
only  element  of  the  family  which  it  represents  which 
need  be  considered  here.  It  is  an  extremely  important 
element  which  occurs  very  widely  distributed  in  nature. 
Among  the  many  important  and  widely -distributed 
minerals  which  contain  aluminium  are  feldspar,  granite, 
mica,  and  cryolite.  Clay  is  essentially  a  silicate  of 
aluminium. 

Preparation  of  Aluminium. — Aluminium  is  pre- 
pared by  treating  the  chloride  with  metallic  sodium. 
[How  is  magnesium  prepared  ?  How  sodium  ?]  Quite 
recently  a  method  has  been  devised  by  which  it  appears 
to  be  possible  to  make  aluminium  much  more  cheaply 
than  it  has  been  made  hitherto.  The  new  method  con- 
sists in  mixing  the  oxide  of  aluminium  with  carbon  and 
passing  the  current  from  a  powerful  electrical  machine 
through  the  mixture.  The  apparatus  is  known  as  the 
Cowles  electric  furnace. 

Properties. — Aluminium  has  a  strong  lustre  ;  its 
colour  is  like  that  of  tin.  It  is  very  strong  and  yet 
malleable.  It  is  lighter  than  most  metals  in  common 
use,  its  specific  gravity  being  2.7,  while  that  of  iron  is 
7.8,  that  of  silver  10.57,  and  that  of  tin  7.3.  Further, 
it  does  not  change  in  dry  or  moist  air.  These  properties 
give  it  great  value,  and  it  is  only  the  fact  that  it  cannot 
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be  prepared  sufficiently  cheaply  from  the  compounds 
of  aluminium  found  in  nature  that  prevents  its  wide- 
spread use.  It  appears  probable  that  in  the  course  of 
time  aluminium  will  largely  take  the  place  of  iron,  as  it 
is  certainly  better  adapted  to  most  of  the  uses  to  which 
iron  is  put. 

Aluminium  Oxide,  A12O3. — This  compound  occurs 
rarely  in  nature  in  the  form  of  ruby,  sapphire,  and  cor- 
undum. It  is  very  hard,  and  as  emery,  which  is  powdered 
corundum,  is  used  for  polishing.  It  is  made  artificially 
by  heating  the  hydroxide,  A1O3H3  : 

2A1O3H3  =  A1203  +  3H2O. 

Alums. — Aluminium  sulphate  forms  complex  com- 
pounds with  the  sulphates  of  the  alkali  metals,  all  of 
which  crystallise  beautifully.  Potassium  alum  is  the 
best  known  of  these.  It  may  be  regarded  as  derived 
from  two  molecules  of  sulphuric  acid,  2H2SO4=  H4S2O8, 
by  the  replacement  of  three  atoms  of  hydrogen  by  one 
atom  of  aluminium,  and  the  fourth  by  one  atom  of 
potassium  ;  thus,  A1KS.2O8  or  A1K(SO4)2.  The  crystals 
always  contain  twelve  molecules  of  water,  the  complete 
formula  being  A1K(SO4)2+ I2H2O.  Similarly,  sodium 
alum  is  AlNa(SO4)2+ I2H2O,  and  ammonium  alum, 
A1NH4(SO4)2+I2H2O. 

Uses  of  Alum. — Alum  and  other  compounds  are 
used  in  dyeing  cotton  cloth.  Colours  do  not  adhere  to 
cotton  fibre  as  they  do  to  wool  and  silk.  On  adding 
aluminium  hydroxide  or  alum  to  the  cotton  the  dye-stuffs 
unite  with  these  and  form  insoluble  compounds.  Sub- 
stances which  have  the  power  of  combining  with  dye- 
stuffs  in  this  way  are  called  mordants.  Alum  is  an  acid 
salt  and  has  the  po\ver  of  decomposing  carbonates.  It 
is  therefore  sometimes  wrongly  used  as  a  constituent  of 
"  baking  powders "  in  connection  with  sodium  bicar- 
bonate. 

Aluminium  Silicates. — The  silicate  of  aluminium 
occurs  in  nature  in  enormous  quantities,  in  combination 
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with  other  silicates  forming  some  of  the  most  important 
minerals.  The  most  abundant  of  these  is  ordinary  feld- 
spar, AlKSi3O8.  When  these  silicates  are  subjected  to 
the  influence  of  the  air,  rain,  frost,  etc.,  they  suffer  de- 
composition. The  silicate  of  the  alkali  metal  dissolves 
and  is  washed  away,  while  aluminium  silicate  is  partly  left 
behind  and  is  also  partly  washed  away.  Pure  aluminium 
silicate  is  known  as  kaoline,  and  has  the  composition 
Al4(SiO4)3  +  4H2O.  The  impure  varieties  are  called 
clay. 

Porcelain,  etc. — Kaoline  is  used  for  making  por- 
celain. For  this  purpose  it  is  mixed  with  water  and 
moulded  into  the  proper  shape  and  then  heated  to  a 
high  temperature  in  a  properly-constructed  furnace.  The 
ordinary  varieties  of  clay  are  used  for  making  common 
earthenware  vessels  and  bricks.  Earthenware  and  por- 
celain are  glazed  in  two  ways  :  porcelain  by  coating  it 
with  an  easily-fusible  substance  and  heating  to  a  high 
temperature  ;  earthenware  by  heating  to  a  strong  red 
heat  in  a  furnace  and  throwing  in  a  quantity  of  damp 
salt.  The  salt  is  decomposed  and  sodium  silicate  is 
formed.  This  fuses  on  the  surface  of  the  vessels  and 
forms  a  layer  which  is  not  porous. 

Ultramarine. — The  substance  known  as  lapis 
lazuli  consists  of  a  silicate  of  aluminium  and  sodium, 
together  with  a  sulphide  of  sodium.  The  colouring- 
matter  obtained  by  powdering  it  was  formerly  expensive, 
but  it  is  now  made  artificially  by  the  ton,  and  the  colour 
of  the  artificially-prepared  substance  is  even  more  beautiful 
than  that  of  the  natural.  It  is  made  by  heating  a  mixture 
of  clay,  dry  sodium  carbonate,  sulphur,  and  wood-ashes 
without  access  of  air. 

Aluminium  Bronze. — This  is  an  alloy  of  aluminium 
and  copper,  containing  10-12  per  cent  of  the  latter.  It 
is  extremely  hard  and  very  durable,  and  has  many  useful 
applications.  Its  colour  is  similar  to  that  of  gold. 

Iron,  Fe  {At.    Wt.    56). — At  the  present  time  it  is 
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undoubtedly  true  that  iron  is  the  most  important  metal 
for  man.  It  occurs  in  the  form  of  magnetite ',  Fe3O4,  and 
hematite,  Fe2O3;  as  the  car- 
bonate, or  siderite,  FeCO3; 
in  combination  with  sulphur 
as  iron  Pyrites,  FeS9 ;  and  as 
silicates  and  hydrated  oxides, 
or  hydroxides.  Iron  in  the 
metallic  state  is  found  in  the 
form  of  meteors  or  masses 
which  fall  upon  the  earth 
from  space. 

Extraction  of  Iron 
from  its  Ores. — The  ex- 
traction of  iron  from  its 
ores  is  theoretically  simple, 
the  essential  steps  being 
these : 

(i)  The  conversion  of  the 
ore  into  the  oxides,  unless 
the  oxides  themselves  are 
used. 

This   is  accomplished  by 
roasting  them.      If  sulphides 
are  roasted  the  sulphur  passes 
off  as   sulphur  dioxide,   and 
oxide.      In   roasting,    further, 
is  decomposed 


FIG.  39. 


the   iron   remains   as   the 

water   is    driven   off,  and   the  carbonate 

into  the  oxide  and  carbon  dioxide. 

(2)  Reduction  of  the  oxides  by  means  of  charcoal  or 
coke. 

This  is  accomplished  by  mixing  the  ore  with  the  re- 
ducing agent  and  heating  in  a  blast-furnace.  The  blast- 
furnace is  constructed  of  fire-brick  and  masonry.  It  is 
from  50  to  90  feet  high,  and  from  15  to  18  feet  wide  in 
the  widest  part.  An  idea  of  the  construction  is  given  by 
Fig.  39-  Alternate  layers  of  ore  and  fuel  are  introduced 
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into  the  top  of  the  furnace.  &flux  is  also  added.  This 
is  usually  limestone  or  quicklime.  The  object  of  the 
flux  is  to  form  a  fusible  substance  with  the  earthy  con- 
stituents of  the  ore.  As  the  iron  is  reduced  it  melts,  and 
the  compound  formed  with  the  flux  also  melts.  The 
molten  iron  being  the  heavier  liquid,  it  sinks  to  the 
bottom  followed  by  the  other,  which  is  called  the  slag. 
The  iron  collects  in  the  bottom  of  the  furnace,  called 
the  crucible,  and  is  drawn  off  in  the  liquid  condition. 

Pig-iron. — The  iron  drawn  off  from  the  furnace  is 
called  pig-iron.  It  is  always  impure,  containing  phos- 
phorus, sulphur,  silicon,  and  as  much  as  2  to  6  per  cent 
of  carbon.  It  is  brittle  and  easily  fusible,  and  is  used 
for  casting,  being  known  as  cast-iron. 

"Wrought -iron. — When  the  carbon,  silicon,  and 
phosphorus  are  removed  from  pig-iron  it  becomes  very 
tough  and  malleable.  It  is  now  wrought-iron.  Cast- 
iron  is  converted  into  wrought -iron  in  one  of  two 
ways  : 

(1)  By  melting  it  and   blowing  air  into  the  molten 
mass.     The   carbon,    phosphorus,  and   silicon   are   thus 
oxidised   and   gotten  rid  of.      This  process  is  known  as 
puddling. 

(2)  By  mixing  cast-iron  with  some  of  the  purer  ores 
and  heating  to  a  high  temperature,  when  the  carbon, 
phosphorus,  etc.,  are  oxidised  by  the  oxygen  of  the  ores. 
This  process  is  called  cementation. 

Steel. — Steel  is  a  third  variety  of  iron  which  contains 
i  to  2  per  cent  of  carbon,  more  than  wrought  .and  less 
than  cast  iron.  It  has  the  property  of  becoming  ex- 
tremely hard  and  brittle  when  heated  and  suddenly 
cooled.  When  cautiously  heated  and  allowed  to  cool 
slowly  it  is  rendered  elastic.  This  process  is  called 
tempering. 

There  are  two  ways  of  making  steel  : 

( i )  Wrought-iron  is  heated  with  charcoal  or  with  iron 
containing  carbon.  This  is  known  as  the  cementation 
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process,  and  is  the  opposite  of  the  cementation  process 
for  making  wrought-iron. 

(2)  Cast-iron  is  melted  in  a  large  vessel  called  a  con- 
verter (see  Fig.  40),  and  then  partly  oxidised  by  currents 
of  air  forced  into  the  mass.  Cast-iron  is  now  added, 
and  steel  containing  any  desired  pro- 
portion of  carbon  thus  made.  This 
is  known  as  the  Bessemer  process. 

Pure  Iron. — Pure  iron  is  almost 
unknown.  It  is  a  white  metal  with 
a  strong  lustre.  In  moist  air  it 
rusts  j  that  is,  it  becomes  covered 
with  a  layer  of  oxide  and  hydroxide 
which  is  formed  by  the  action  of  the 
air  and  water.  The  wire  used  for 
pianos  is  nearly  pure  ;  but  if  this  be 
dissolved  in  hydrochloric  or  sulphuric 
acid,  small  black  particles  of  carbon 
will  remain  undissolved.  The  odour 
noticed  when  ordinary  iron  is  dis- 
solved in  acid  is  due  to  the  presence 
of  impurities. 

Compounds  of  Iron.  —  Iron,  like  mercury  and 
copper,  forms  two  series  of  compounds  which  differ 
markedly  from  each  other.  These  are  the  fetrous  and 
ferric  compounds.  Thus  with  chlorine  it  forms  two 
chlorides,  one  of  which,  ferrous  chloride,  has  the  corn- 
position  expressed  by  the  formula  FeCl2 ;  the  other, 
ferric  chloride,  by  FeCl3.  It  appears  from  a  study  of 
the  relative  weights  of  these  chlorides  in  the  state  of 
vapour  (see  Chapter  XIV.,  page  126)  that  the  above 
formulas  should  be  doubled,  so  that  ferrous  chloride  is 
now  commonly  represented  by  Fe2Cl4,  and  ferric  chloride 
by  Fe2Cl6.  For  our  purpose  the  simpler  formulas  will 
answer  just  as  well.  Similarly  there  are  two  oxides,  FeO 
and  Fe2O3  ;  two  sulphates,  ferrous  sulphate,  FeSO4,  and 
ferric  sulphate,  Fe2(SO4)3,  etc. 
o 
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Change  of  Ferrous  to  Ferric  Compounds. — 

Ferrous  compounds  pass  into  ferric  compounds  by  simple 
contact  with  the  air ;  and  are  readily  converted  by 
oxidising  agents,  such  as  nitric  acid,  potassium  chlorate, 
etc.  When,  for  example,  ferrous  hydroxide,  Fe(OH)2,  is 
exposed  to  the  air  suspended  in  water,  it  changes  to 
ferric  hydroxide,  Fe(OH)3.  The  change  is  represented 
by  the  equation 

2Fe(OH)2  +  H2O  +  O  -  2Fe(OH)3. 

So,  also,  when  ferrous  chloride  is  left  standing  in 
hydrochloric  acid  solution  it  changes  to  ferric  chloride,  and 
the  change  is  rapidly  effected  by  boiling  with  a  little 
nitric  acid : 

2FeCl2  +  2HC1  +  O  =  2FeCl3  +  H2O. 

Ferrous  Chloride,  FeCl2,  is  formed  by  dissolving 
iron  in  hydrochloric  acid. 

EXPERIMENT  119. — Dissolve  a  little  iron  wire  in  dilute 
hydrochloric  acid.  Hydrogen  is  evolved,  accompanied  by  small 
quantities  of  other  gases  whose  formation  is  due  to  the  presence 
of  impurities  in  the  iron,  and  carbon  is  left  undissolved  as  a 
black  residue.  To  a  few  drops  of  the  solution  in  water  in  a 
test-tube  add  at  once  caustic  soda.  This  precipitates  ferrous 
hydroxide,  Fe(OH)2,  which  changes  colour  rapidly,  becoming 
finally  reddish  brown.  Pure  ferrous  hydroxide  is  white.  As  it 
passes  to  the  ferric  condition  it  becomes  dirty  green,  and  darker 
and  darker  until  it  is  reddish  brown,  which  is  the  colour  of 
ferric  hydroxide,  Fe(OH)3.  Heat  another  small  portion  of  the 
solution  of  ferrous  chloride  to  boiling,  add  two  or  three  drops 
of  concentrated  nitric  acid  and  boil  again.  Repeat  this  opera- 
tion two  or  three  times.  The  ferrous  chloride  is  thus  oxidised 
to  ferric  chloride.  It  will  be  noticed  that  the  colour  of  the 
solution  after  the  oxidation  is  reddish  yellow,  whereas  before  the 
oxidation  it  was  nearly  colourless  or  slightly  greenish.  Add 
caustic  soda  to  the  solution  of  ferric  chloride.  A  reddish-brown 
precipitate  of  ferric  hydroxide  will  be  formed.  Just  as  in  this 
case  you  have  passed  from  ferrous  chloride  to  ferric  chloride  by 
oxidation,  so  you  can  pass  back  again  to  the  ferrous  compound. 
Thus,  by  adding  a  little  zinc  to  a  solution  of  ferric  chloride  in 
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which  hydrochloric  acid  is  present,  the  hydrogen  evolved 
extracts  chlorine  from  the  ferric  chloride  and  converts  it  into 
ferrous  chloride  : 

FeCl3  +  H  =  FeCl2  +  HCl. 

Ferrous  Sulphate,  FeSO4  +  7H2O.  —  This  salt, 
which  is  commonly  known  as  "  green  vitriol "  or  "  cop- 
peras," is  formed  by  the  action  of  sulphuric  acid  on  iron. 
[What  is  "White  vitriol?"  "Blue  vitriol?"]  It  is 
extensively  used  in  the  preparation  of  ink  and  in  dyeing. 

Inks. — Iron  inks  are  made  by  treating  solutions  of 
tannic  acid,  which  is  obtained  from  nut-galls,  with  ferrous 
sulphate  or  copperas.  There  are  many  kinds  of  ink  in 
use  which  are  not  made  in  this  way.  Printers'  ink  con- 
tains lamp-black.  So  also  does  India  ink.  '  Inferior 
inks  are  made  of  aniline  dyes,  which  are  made  from 
coal-tar. 

Iron  Alum,  FeK(SO4)2+ I2H2O,  is  formed  by 
bringing  ferric  sulphate  and  potassium  sulphate  together. 
It  resembles  ordinary  alum,  A1K(SO4)2+ I2H2O,  but 
differs  from  it  in  containing  iron  instead  of  aluminium. 

Ferric  Oxide,  Fe2O3,  occurs  in  nature  in  lustrous 
crystals,  as  hematite,  and  as  a  red  mass.  It  is  prepared 
on  the  large  scale  by  heating  copperas  in  the  air,  when 
the  change  represented  in  the  following  equation  takes 
place : 

2FeSO4  =  Fe2O3  +  SO3  +  SO2. 

The  oxide  thus  obtained  is  a  dark-red  powder  called 
rouge.  It  is  used  for  polishing  glass  and  as  a  paint. 

Ferroso-ferric  Oxide,  Fe3O4,  or  magnetic  oxide  of 
iron,  is  found  in  nature  in  the  form  of  loadstone.  It  is 
formed  when  iron  is  burned  in  oxygen  (see  Experiment 
26). 

The  sulphides  of  iron  have  been  repeatedly  mentioned. 

Ferrous  Sulphide,  FeS,  is  made  by  heating  sulphur 
and  iron  together  in  proper  proportions.  It  is  used  in 
making  hydrogen  sulphide.  [Explain  how.] 


196       THE  ELEMENTS  OF  CHEMISTRY       CHAP,  xxn 

Iron  Pyrites,  FeS2,  is  a  yellow  crystallised  substance 
very  abundantly  found  in  nature.  When  heated  in  a 
closed  tube  sulphur  is  given  off.  When  heated  in  an 
open  vessel,  as  upon  a  shallow  iron  pan  or  spoon,  the 
sulphur  is  oxidised  to  sulphur  dioxide,  and  the  iron  is 
left  in  the  form  of  the  oxide.  [Verify  these  statements 
by  experiment.] 

Nickel,  Ni  (At.  Wt.  58.5),  is  found  in  meteoric  iron 
and  in  combination  with  arsenic.  It  forms  two  series  of 
salts  corresponding  to  the  two  hydroxides — nickelous 
hydroxide,  Ni(OH)2,  and  nickelic  hydroxide,  Ni(OH)3. 
Nickel  is  used  for  making  coins,  and  for  plating  other 
metals.  It  is  not  acted  upon  by  the  air. 

Cobalt,  Co  (At.  Wt.  59.1),  is  found  in  combination 
with  arsenic  and  sulphur,  and  also  in  small  quantities 
accompanying  nickel  in  meteoric  iron. 

Cobalt  compounds  are  used  on  account  of  their 
colours.  Smalt  is  made  by  fusing  glass  with  a  cobalt 
compound,  when  a  blue  mass  is  obtained,  which  is 
powdered  and  used  as  a  paint.  When  cobaltic  -  oxide 
and  aluminium  oxide  are  fused  together  a  dark -blue 
substance  is  formed,  which  is  known  as  cobalt  ultra- 
marine. 


CHAPTER   XXIII 

MANGANESE — CHROMIUM — URANIUM BISMUTH 

Manganese,  Mn  (At.  Wt.  55). — Manganese  is 
found  in  nature  in  the  form  of  the  oxides,  of  which 
manganese  dioxide,  or  the  black  oxide  of  manganese, 
occurs  most  abundantly.  With  oxygen  it  forms  the 
following  compounds  :  manganous  oxide,  MnO  ;  man- 
ganic oxide,  Mn2O3  ;  manganoso-manganic  oxide,  MngO4 ; 
manganese  dioxide,  MnO2  ;  and  permanganic  anhydride, 
Mn2Or. 

Manganese  presents  points  of  resemblance  with 
aluminium  and  iron.  Like  iron  it  forms  two  series  of 
salts,  the  manganous  and  manganic  series,  which  differ 
from  each  other  very  much,  as  ferrous  and  ferric  com- 
pounds do 

Chromium,  Cr  (At.  Wt.  52.3). — This  element  is 
comparatively  rare,  and  occurs  almost  only  in  combina- 
tion with  oxygen  and  iron,  as  chromic  iron,  FeCr2O4. 

Potassium  Chromate,  K2CrO4,  is  formed  when 
finely-powdered  chromic  iron  is  heated  with  potassium 
carbonate  and  potassium  nitrate. 

Potassium  Bichromate,  K2Cr2Or. — This  is  the 
form  in  which  chromium  is  most  frequently  met  with. 
It  is  formed  from  the  chromate  by  adding  acetic  or  nitric 
acid.  The  change  which  takes  place  is  represented 
thus  : 

2K2CrO4  +  2HNO3  =  2KNO3  +  K2Cr2O7  +  H2O. 

The  relation  between  the  chromate  and  the  dichro- 
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mate  will  be  more  readily  understood  by  considering  the 
acids  from  which  they  are  derived.  These  are  chromic 
acid,  H2CrO4,  and  dichromic  acid,  H2Cr2O7.  The 
latter  may  be  regarded  as  derived  from  the  former  by 
loss  of  water : 

2H2CrO4  =  H2Cr2O7  +  H2O. 

EXPERIMENT  120. — Potassium  dichromate  is  converted  into 
the  chromate  by  adding  a  solution  of  potassium  hydroxide  until 
the  colour  becomes  pure  yellow  : 

K2Cr207  +  2KOH  =  2K2CrO4  +  H2O. 

Convert  10  to  20  grams  potassium  dichromate  into  the  chro- 
mate. Evaporate  to  crystallisation.  Compare  the  salt  thus 
obtained  with  potassium  dichromate. 

EXPERIMENT  121. — Convert  the  potassium  chromate  just 
obtained  into  potassium  dichromate  by  adding  dilute  nitric  acid 
until  the  colour  is  red.  Evaporate  to  crystallisation. 

Both  the  chromate  and  dichromate  are  good  oxidising 
agents. 

EXPERIMENT  122. — Treat  a  little  of  each  salt  in  a  test-tube 
with  hydrochloric  acid.  [What  evidence  do  you  get  that  the 
salts  are  good  oxidising  agents  ?] 

Chrome -yellow. — The  chromates  of  lead  and 
barium  are  insoluble  in  water.  They  are  yellow.  The 
lead  salt  is  the  well-known  paint  chrome-yellow. 

EXPERIMENT  123. — Add  a  little  of  a  solution  of  potassium 
chromate  or  dichromate  to  a  solution  of  barium  chloride,  and 
of  lead  acetate  or  nitrate. 

Chrome  Alum  is  a  salt  related  to  ordinary  alum, 
but  containing  chromium  instead  of  aluminium.  Its 
formula  is  CrK(SO4)2  +  I2H2O.  The  alums  have 
analogous  formulas  : 

Ordinary  alum  .  .  A1K(SO4)2+ I2H2O ; 
Iron  alum  .  .  .  FeK(SO4)2+  I2H2O  ; 
Chrome  alum  .  .  CrK(SO4)2+  I2H2O. 

Uranium,  U  {At.  Wt.  239). — This  element  occurs 
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mostly  in  the  form  of  the  oxide  U3O4,  known  as  pitch- 
blende. 

Bismuth,  Bi  (At.  Wt.  208),  occurs  mostly  native, 
and  is  obtained  by  heating  the  ores  and  allowing  the 
molten  bismuth  to  run  out.  In  appearance  it  closely 
resembles  antimony. 

Bismuth  forms  alloys  which  melt  at  low  temperatures. 
The  best  known  of  these  is  "fusible  metal,"  which  is 
composed  of  lead,  tin,  and  bismuth. 

The  chief  compound  of  bismuth  and  oxygen  is  the 
yellow  oxide  Bi2O3,  which  is  formed  when  bismuth  is 
burned  in  the  air. 

The  principal  salt  of  bismuth  is  the  nitrate  Bi(NO3)3 
+  5H9O.  It  is  used  in  medicine. 


CHAPTER    XXIV 

LEAD — TIN PLATINUM — GOLD 

Lead,  Pb  (At.  Wt.  207). — Lead  occurs  in  com- 
bination in  several  forms  in  nature,  as,  for  example,  in 
the  sulphate,  carbonate,  chromate,  and  sulphide.  The 
sulphide,  PbS,  known  as  galena,  or  galenite,  is  the  most 
important  ore  of  lead. 

Extraction  of  Lead  from  its  Ore. — The  ex- 
traction of  lead  from  its  ore  is  accomplished  in  one  of 
two  ways: 

(1)  By  heating    the    sulphide   with   iron,    when   the 
latter  combines  with  the  sulphur,  forming  iron  sulphide, 
while  the  lead  is  set  free. 

(2)  By  roasting  the  sulphide  until  it  is  partly  con- 
verted into  lead  oxide  and  lead  sulphate;    then  heating 
the  mixture  without  access  of  air,  when  the  two  reactions 
take  place  which  are  represented  in  these  equations : 

PbS  +  2PbO  =3Pb  +  SO2; 
PbS  +  PbSO4  =  2Pb  +  2SO2. 

The  lead  is  thus  set  free,  and  the  sulphur  driven  off  as 
sulphur  dioxide. 

Properties  of  Lead. — Lead  is  a  bluish-gray  metal 
with  a  high  lustre.  It  is  soft  and  not  very  strong.  It 
melts  at  about  325°.  All  lead  salts  are  poisonous. 
Nitric  acid  dissolves  it,  but  hydrochloric  and  dilute  sul- 
phuric acids  do  not.  It  is  precipitated  in  metallic  form 
from  a  solution  of  one  of  its  salts  by  metallic  zinc.  The 
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formation  is  sometimes  called  the  "  lead-tree  "  or  "Arbor 
Saturni." 

EXPERIMENT  124. — Dissolve  30-40  grams  lead  acetate 
(sugar  of  lead)  in  a  litre  of  water,  add  a  few  drops  of  acetic 
acid,  and  put  the  solution  in  a  wide-mouthed  bottle.  Suspend 
a  piece  of  sheet-zinc  in  the  middle  of  the  solution,  and  let  it 
stand.  The  lead  will  be  deposited  slowly  in  crystallised  form. 
At  the  same  time  the  zinc  will  pass  into  solution.  The  zinc 
simply  takes  the  place  of  the  lead  : 

Zn  +  Pb(N03)2  =  Zn(N03)2  +  Pb. 
Lead  "Water-pipes. — Pipes  for  conveying  water 
are  frequently  made  of  lead,  and  under  most  circum- 
stances there  is  no  danger  in  this ;  but  some  waters,  par- 
ticularly such  as  are  rich  in  carbon  dioxide,  act  upon 
lead  and  dissolve  it  in  small  quantity.  Such  waters  are 
exceedingly  dangerous.  If  air  and  water  together  act 
upon  lead,  it  is  much  more  readily  acted  upon  than  when 
the  air  is  excluded.  In  moist  air  lead  tarnishes. 

EXPERIMENT  125. — Cut  a  piece  of  sheet -lead  an  inch  or  two 
square  and  partly  cover  it  with  water  in  a  shallow  dish.  Allow 
it  to  stand  for  several  days,  renewing  the  water  from  time  to 
time.  Then  filter  off  and  examine  the  solution  to  see  whether 
there  is  any  lead  in  solution.  This  is  done  by  taking  advantage 
of  the  fact  that  lead  chloride  is  difficultly  soluble,  and  lead 
sulphate  and  sulphide  insoluble,  in  water,  (i)  To  a  little  of 
the  solution  in  a  test-tube  add  a  few  drops  of  hydrochloric  acid. 
Is  a  precipitate  formed?  (2)  To  another  small  portion  of  the 
solution  add  a  few  drops  of  sulphuric  acid.  Is  a  precipitate 
formed  ?  (3)  Into  a  third  portion  pass  a  little  hydrogen  sulphide. 
What  change  takes  place  ?  Try  the  same  experiments  with  a 
very  dilute  solution  of  lead  acetate. 

Oxides  of  Lead. — Lead  forms  three  compounds 
with  oxygen,  viz.,  lead  suboxide,  Pb2O;  lead  oxide,  PbO; 
and  lead  peroxide,  PbO2.  Red  lead,  or  minium,  is  appar- 
ently a  mixture  of  the  oxide  and  peroxide,  and  has 
approximately  the  composition  Pb3O4. 

Lead  Oxide,  PbO,  is  commonly  known  by  the  name 
litharge.  It  is  formed  by  the  oxidation  of  molten  lead 
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in  contact  with  the  air.  In  the  separation  of  lead  from 
silver  advantage  is  taken  of  this  fact.  Silver  does  not 
combine  with  oxygen  when  heated  in  the  air.  Therefore 
when  a  mixture  of  lead  and  silver  is  heated  in  the  air 
to  the  proper  temperature  the  lead  is  converted  into  the 
oxide,  while  the  silver  remains  unchanged.  The  lead 
oxide  thus  formed  is  easily  separated  from  the  silver. 

Minium,  Bed  Lead,  Pb3O4(  =  2PbO  +  PbO2).— 
When  litharge  is  heated  in  the  air  to  400°  it  takes  up 
oxygen  and  is  converted  into  minium,  or  red  lead.  When 
minium  is  heated  to  a  high  temperature  it  gives  up 
oxygen  and  is  again  converted  into  yellow  lead  oxide. 
Treated  with  nitric  acid,  a  part  is  dissolved,  forming  lead 
nitrate,  while  lead  peroxide,  a  brown  powder,  remains 
behind. 

EXPERIMENT  126.  —  Treat  a  little  minium  with  ordinary 
dilute  nitric  acid,  and  note  the  change  in  colour.  Does  lead 
pass  into  solution  ?  How  do  you  know  ? 

Lead  Peroxide,  PbO2,  conducts  itself  somewhat 
like  manganese  dioxide.  When  treated  with  hydrochloric 
acid  chlorine  is  evolved: 


EXPERIMENT  127.  —  Treat  a  little  lead  peroxide  with  hydro- 
chloric acid  in  a  test-tube.  In  what  form  is  the  lead  after  the 
experiment  ?  Is  the  product  soluble  or  insoluble  in  water  ? 

The  stilphate,  chromate,  and  chloride  have  already 
been  referred  to.  They  are  formed  by  adding  a  soluble 
sulphate,  chromate,  and  chloride  to  a  solution  of  a  lead 
salt.  The  chromate  is  the  well-known  chrome-yellow. 

Lead  Carbonate,  PbCO3,  is  the  well-known  and 
much-used  pigment  white  lead.  The  objection  to  its 
use  in  a  laboratory  is  that  it  turns  black  in  the  presence 
of  even  small  quantities  of  hydrogen  sulphide.  Zinc- 
white  does  not  act  in  this  way,  as  zinc  sulphide  is  a  white 
substance. 

Tin,  Sn  (At.  Wt.  1  18).  —  Tin  occurs  in  nature  mostly 
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as  tin-stone,  which  is  the  oxide  SnO2.  The  metal  is 
obtained  from  the  ore  by  reducing  with  charcoal.  It  is 
a  white  metal  which  resembles  silver  in  appearance.  It 
is  soft  and  malleable,  and  can  be  hammered  out  into 
very  thin  sheets,  forming  the  well-known  tin-foil.  At 
200°  it  is  brittle;  and  at  228°  it  melts.  It  does  not 
change  in  the  air  at  ordinary  temperatures.  Ordinary 
concentrated  nitric  acid  oxidises  it,  the  product  being  a 
compound  of  tin,  oxygen,  and  hydrogen,  known  as  meta- 
stannic  acid,  which  is  a  white  powder  insoluble  in  nitric 
acid  and  in  water. 

Extraction  of  Tin  from  its  Ore. — The  oxide 
or  tin-stone  is  pulverised,  mixed  with  charcoal,  and  heated 
in  a  furnace,  when  the  tin  appears  in  the  molten  con- 
dition. 

Uses  of  Tin. — Owing  to  the  fact  that  tin  does  not 
change  in  the  air  it  is  used  as  a  covering  for  other  metals. 
Ordinary  tin-ware  is  made  of  sheets  of  iron  covered  with 
tin.  An  inferior  variety  of  tin-ware  is  manufactured,  con- 
taining lead.  If  such  ware  is  used  for  cooking  utensils 
or  for  making  cans  for  preserving  fruit  and  vegetables 
serious  results  may  follow,  as  the  acids  of  the  foods  may 
dissolve  enough  lead  to  form  poisonous  liquids.  Copper 
covered  with  tin  is  also  used  for  various  purposes,  as  for 
bath-tubs  and  pins. 

Alloys  of  Tin. — Among  the  valuable  alloys  con- 
taining tin  are  solder,  which  consists  of  tin  and  lead  ; 
britannia,  which  consists  of  9  parts  of  tin  and  I  part  of 
antimony;  bronze  and  bell-metal,  which  consist  of  tin 
and  copper. 

Soldering1. — Soldering  in  general  is  any  process  by 
which  metals  are  made  to  adhere  by  means  of  other 
metals  added  in  the  molten  condition.  Ordinary  soldering 
consists  in  joining  metals  together  by  means  of  a  solder 
consisting  of  about  equal  parts  of  lead  and  tin.  In  order 
that  the  solder  may  hold  it  is  necessary  that  the  surfaces 
of  the  metal  to  which  it  is  applied  should  be  bright. 
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This  is  brought  about  by  the  use  of  resin,  or  by  washing 
with  a  little  acid  and  then  adding  some  borax,  which  in 
the  molten  condition  dissolves  any  metallic  oxides  which 
may  be  present,  leaving  the  surfaces  bright.  There  is 
some  danger  in  the  use  of  solder  for  tin  cans,  as  it  is 
possible  for  the  contents  to  get  in  contact  with  the  solder 
unless  the  work  is  done  with  unusual  care. 

Stannous  and  Stannic  Compounds. — Tin 
forms  two  classes  of  compounds,  the  stannous  and  stannic 
compounds.  These  do  not  bear  to  each  other  the  same 
relation  as  that  which  exists  between  cuprous  and  cupric 
compounds,  or  that  between  ferrous  and  ferric  compounds. 
In  stannous  compounds  the  tin  appears  to  be  bivalent, 
as  indicated  by  the  formulas  SnCL,  SnO,  SnS,  which 
respectively  represent  stannous  chloride,  oxide,  and 
sulphide.  In  stannic  compounds,  on  the  other  hand, 
the  tin  appears  to  be  quadrivalent,  as  indicated  by  the 
formulas  SnCl4,  SnO2,  SnS2,  which  respectively  represent 
stannic  chloride,  oxide,  and  sulphide. 

Stannous  Chloride,  SnCl2,  and  Stannic  Chloride, 
SnCl4,  are  the  most  used  compounds  of  tin.  They  find 
application  in  dyeing.  The  former  is  known  as  tin-salt. 
It  is  made  by  dissolving  tin  in  hydrochloric  acid. 

Stannic  Sulphide,  SnS2,  is  a  yellow  substance  used, 
under  the  name  mosaic  gold,  as  a  pigment  in  decorating. 

Platinum,  Pt  (At.  Wt.  194.8),  occurs  almost  always 
accompanied  by  the  rare  metals  iridium,  palladium,  and 
osmium,  in  the  form  of  alloys.  The  ore  is  found  in  the 
Ural  Mountains,  in  California,  Australia,  and  a  few  other 
places.  It  is  prepared  by  treating  the  ore  with  strong 
aqua  regia,  which  dissolves  the  platinum,  together  with 
some  iridium.  The  platinum  chloride  thus  obtained  is 
precipitated  by  means  of  ammonium  chloride,  with  which, 
as  with  potassium  chloride,  it  forms  a  difficultly  soluble 
compound,  (NH4)2PtCl6.  When  this  is  heated  to  a 
sufficiently  high  temperature  it  is  decomposed,  leaving 
metallic  platinum  behind. 
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Properties  of  Platinum. — Platinum  is  a  grayish- 
white  metal  with  a  high  lustre.  Its  specific  gravity  is 
21.15,  it  being  one  of  the  heaviest  substances  known. 
The  specific  gravity  of  iron  is  7.8,  that  of  lead  11.4.  In 
other  words,  a  piece  of  platinum  weighs  nearly  three 
times  as  much  as  a  piece  of  iron  of  the  same  dimensions, 
and  nearly  twice  as  much  as  a  piece  of  lead  of  the  same 
dimensions.  Platinum  is  not  dissolved  by  hydrochloric, 
nitric,  or  sulphuric  acid  ;  but  aqua  regia  dissolves  it, 
forming  platinum  chloride,  PtCl4.  Fusing  caustic  alkalis 
attack  it ;  sodium  carbonate  does  not.  It  does  not 
change  in  the  air,  and  does  not  melt  except  in  the  flame 
of  the  oxyhydrogen  blow-pipe.  It  resists  the  action  of 
most  substances. 

Uses  of  Platinum. — The  properties  of  platinum 
make  it  extremely  valuable  to  the  chemist.  Platinum 
crucibles  and  evaporating-dishes,  foil,  and  wire,  are  in 
constant  use  in  every  laboratory,  and  it  is  difficult  to  see 
how  we  could  get  along  without  them.  Large  retorts  of 
platinum  are  used  for  the  purpose  of  concentrating  sul- 
phuric acid  and  distilling  it. 

Gold,  Au  (At.  Wt.  196.7). — Gold  usually  occurs 
native.  It  is  found  enclosed  in  quartz,  or  more  frequently 
in  quartz  sand.  It  is  separated  mechanically  by  wash- 
ing, and  then  extracted  with  mercury,  which  forms  an 
amalgam  with  it.  The  amalgam  is  afterwards  heated, 
when  the  mercury  passes  over  and  the  gold  remains 
behind. 

Properties  of  Gold. — Gold  is  a  yellow  metal  with 
a  high  lustre.  It  is  quite  soft  and  extremely  malleable. 
It  can  be  beaten  into  leaves  not  more  than  jo-j^g-  of  a 
millimetre  thick.  Its  specific  gravity  is  19.3.  It  com- 
bines directly  with  chlorine,  but  not  with  oxygen.  Hy- 
drochloric, nitric,  and  sulphuric  acids  do  not  act  upon 
it ;  but  aqua  regia  dissolves  it,  forming  gold  chloride. 
On  account  of  the  fact  that  gold  resists  the  action  of 
other  substances  it  was  formerly  spoken  of  as  the  king 
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of  metals,  and  therefore  the  mixture  of  hydrochloric 
and  nitric  acids  which  dissolves  it  was  called  aqua  regia, 
or  royal  water. 

Uses  of  Gold. — Gold  ware  and  coin  are  made  of 
an  alloy  of  gold  and  copper.  The  standard  gold  coin 
of  the  United  States  contains  9  parts  of  gold  to  i  of 
copper.  The  composition  of  gold  for  jewellery  is  usually 
stated  in  carats.  Pure  gold  is  24-carat  gold;  2O-carat 
gold  contains  20  parts  gold  and  4  parts  copper;  18- 
carat  gold  contains  1 8  parts  gold  and  6  parts  copper,  etc. 


CHAPTER    XXV 

SOME  FAMILIAR    COMPOUNDS    OF   CARBON 

Organic  Chemistry. — When  the  compounds  which 
are  obtained  from  plants  and  animals  were  first  studied 
it  was  supposed  that  they  were  entirely  different  in  every 
way  from  the  compounds  obtained  from  earthy  or 
mineral  substances.  The  former  were  called  organic 
substances,  for  the  reason  that  they  were  obtained  from 
organised  beings  ;  while  the  latter  were  called  inorganic 
substances.  Organic  substances  were  the  subject  of 
Organic  Chemistry,  and  inorganic  substances  formed  the 
subject  of  Inorganic  Chemistry.  These  names  are  still 
in  use,  though  they  have  lost  their  original  meaning. 
Organic  Chemistry  means  now  only  the  Chemistry  of  the 
Compounds  of  Carbon. 

Occurrence  of  the  Compounds  of  Carbon. — 
The  most  widely  distributed  compound  of  carbon  is 
carbon  dioxide,  which,  as  you  have  learned,  is  the  start- 
ing-point of  all  life  on  the  globe.  All  living  things  are 
formed  from  it  either  directly  or  indirectly.  The  sub- 
stances which  exist  in  the  vegetable  kingdom  in  largest 
quantity  are  cellulose  and  starch  ;  but  besides  these  a 
very  large  number  of  other  substances  are  found,  as  the 
sugars, — the  alkaloids  of  which,  morphine,  quinine,  and 
nicotine,  are  examples, — oxalic  acid,  malic  acid,  tartaric 
acid,  citric  acid.  In  the  animal  kingdom,  too,  occur 
many  substances,  as  albumin,  fibrin,  etc. 

Formation  of  the  Compounds. — Certain  natural 
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processes  which  are  not  thoroughly  understood  have 
given  rise  to  the  formation  of  a  complex  mixture  of 
organic  compounds,  principally  hydrocarbons,  \T\petrolenm 
(page  105). 

Distillation  of  Coal. — 'The  destructive  distillation 
of  coal  for  the  purpose  of  making  illuminating-gas,  and 
the  formation  of  coal-tar ;  have  already  been  referred  to. 
Coal-tar  is  one  of  the  most  important  sources  of  com- 
pounds of  carbon.  The  hydrocarbons  benzene,  C6H6, 
toluene,  C7H8,  xylene,  CgH10,  naphthalene,  C10Hg,  an- 
thracene, C14H10,  etc.,  are  obtained  from  this  source. 

Distillation  of  "Wood. — Wood  is  heated  in  closed 
vessels  mostly  for  the  purpose  of  making  charcoal,  as 
already  explained.  Among  the  products  obtained  from 
this  source  are  wood-spirit,  or  methyl  alcohol,  and  pyro- 
ligneous  acid,  or  acetic  acid.  Large  quantities  of  acetic 
acid  are  prepared  in  this  way. 

Distillation  of  Bones. — In  order  to  make  bone- 
black,  bones  are  subjected  to  destructive  distillation. 
The  oil  which  passes  over  is  collected  and  known  as 
bone-oil.  Of  late  this  has  proved  to  be  the  source  of  a 
large  number  of  compounds  which  are  of  special  interest 
on  account  of  their  connection  with  the  valuable  alkaloids, 
quinine,  morphine,  etc. 

Fermentation. — A  number  of  the  most  important 
compounds  of  carbon  are  formed  by  a  process  known  as 
fermentation.  This  is  a  general  term  meaning  any  pro- 
cess in  which  a  chemical  change  is  effected  by  means  of 
minute  animal  or  vegetable  organisms.  The  best  known 
example  of  fermentation  is  that  of  sugar,  which  gives 
rise  to  the  formation  of  ordinary  alcohol. 

Classes  of  Compounds  of  Carbon. — The  chief 
classes  of  these  compounds  are  the  hydrocarbons,  some 
of  which  have  already  been  treated  (see  page  1 06)  ;  the 
alcohols ;  the  acids ;  the  ethers;  and  the  ethereal  salts. 
First  a  few  of  the  best  known  examples  of  each  of  these 
classes  will  be  taken  up,  and  afterwards  some  other 
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familiar  compounds  which  do  not  belong  to  any  one  of 
these  classes. 

ALCOHOLS 

Methyl  Alcohol,  Wood-spirit,  CH4O.— This  is 
formed  by  the  distillation  of  wood,  and  is  separated  from 
the  other  products  which  are  formed  at  the  same  time. 
It  has,  when  pure,  a  pleasant  odour  and  taste,  and  acts 
upon  the  animal  system  very  much  as  ordinary  alcohol 
does.  It  burns  without  giving  light  or  smoke,  and  may 
therefore  be  used  in  lamps  for  heating  purposes  as 
ordinary  alcohol  is.  It  is  used  in  the  manufacture  of 
varnishes. 

Ethyl  Alcohol,  Spirits  of  Wine,  C2HfiO. — This 
well-known  substance  is  formed  by  the  fermentation  of 
grape-sugar  or  glucose. 

EXPERIMENT   128. — Dissolve  20  to  30  grams  commercial 

grape-sugar,  or  20  to  30 
cc.  table  syrup,  in  I  to  2 
litres  of  water  in  a  flask. 
Connect  the  flask  by 
means  of  a  bent  glass 
tube  with  a  cylinder  or 
bottle  containing  clear 
lime-water.  The  vessel 
containing  the  lime-water 
must  be  provided  with 
FIG.  41.  a  cork  with  two  holes. 

Through  one  of  these  passes  the  tube  from  the  fermentation- 
flask  ;  through  the  other  a  tube  connecting  with  a  vessel  con- 
taining solid  caustic  potash,  the  object  of  which  is  to  prevent 
the  air  from  acting  upon  the  lime-water.  The  arrangement  of 
the  apparatus  is  shown  in  Fig.  41.  Now  add  to  the  solution 
of  grape-sugar  or  syrup  a  little  fresh  brewer's  yeast ;  close  the 
connections  and  allow  to  stand.  Soon  an  evolution  of  gas  will 
begin,  and,  as  this  passes  through  the  lime-water,  a  precipitate 
will  be  formed  which  can  be  shown  to  be  calcium  carbonate. 

What  Change  takes  place  in  the  Sugar? — 
If  the  solution  in  the  flask  is  examined  carefully  it  will 
P 
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be  found  to  contain  alcohol  and  no  sugar.  Grape-sugar 
has  the  composition  expressed  by  the  formula  C6H12Og. 
By  fermentation  it  is  decomposed,  forming  alcohol, 
C2H6O,  and  carbon  dioxide,  CO2.  The  decomposition 
is  expressed  by  the  equation 


"What  Causes  the  Change  ?  —  It  has  been  found 
that  the  change  of  grape-sugar  is  caused  by  small  organ- 
ised bodies  which  grow  in  the  solution.  These  bodies 
are  contained  in  ordinary  yeast. 

Germs  in  the  Air.  —  When  fruit-juices  which  con- 
tain sugar  are  exposed  to  the  air  they  undergo  fermenta- 
tion without  the  addition  of  yeast.  This  is  due  to  the 
fact  that  the  germs  or  seeds  of  the  bodies  which  cause 
fermentation  are  everywhere  floating  in  the  air.  Hence, 
when  a  liquid  in  which  these  seeds  can  grow  is  exposed 
to  the  air,  the  bodies  are  formed,  and  fermentation  takes 
place. 

Different  Kinds  of  Fermentation.  —  The  fer- 
mentation which  yields  alcohol  is  only  one  of  many 
kinds.  Among  the  others  are  :  (  I  )  lactic-acid  fermenta- 
tion, which  takes  place  in  the  souring  of  milk  ;  and  (2) 
acetic-acid  fermentation,  which  causes  the  transformation 
of  alcohol  into  acetic  acid.  The  latter  ferment  is  con- 
tained in  "  mother  of  vinegar." 

Distillation  of  Fermented  Liquids.  —  In  order 
to  get  the  alcohol  from  liquids  which  have  undergone 
fermentation  they  must  be  distilled.  For  this  purpose 
very  perfect  forms  of  stills  have  been  devised,  so  that 
the  alcohol  passes  over  nearly  free  from  other  substances. 
Usually  it  contains  impurities  known  as  fusel  oil. 

Properties  of  Alcohol.  —  Pure  ethyl  alcohol  has  a 
peculiar,  pleasant  odour.  It  remains  liquid  at  very  low 
temperatures,  but  has  recently  been  converted  into  a 
solid  at  a  temperature  of-  130°.  5.  It  burns  with  a 
flame  which  does  not  deposit  soot,  and  was  hence 
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formerly  much  used  in  laboratories  for  heating  purposes, 
and  is  still  used  where  gas  cannot  be  obtained.  Its 
effects  upon  the  human  system  are  well  known.  It 
intoxicates  when  taken  in  dilute  form,  while  in  large 
doses  it  is  poisonous.  It  lowers  the  temperature  of  the 
body  when  taken  internally,  although  it  causes  a  sensa- 
tion of  warmth. 

Uses  of  Alcohol. — Alcohol  is  the  principal  solvent 
for  organic  substances.  It  is  hence  extensively  used  in 
the  arts,  as  in  the  manufacture  of  varnishes,  perfumes, 
and  tinctures  of  drugs.  The  many  beverages  in  use  owe 
their  intoxicating  power  to  the  presence  of  alcohol.  The 
milder  forms  of  beer  contain  from  2  to  3  per  cent ;  light 
wines  about  8  per  cent ;  while  whisky,  brandy,  etc., 
sometimes  contain  as  much  as  60  to  75  per  cent. 

Glycerine, C3  HgO3. — Glycerine  is  an  alcohol  which 
occurs  very  widely  distributed  as  a  constituent  of  fats. 
The  relation  it  bears  to  the  fats  will  be  explained  when 
the  acids  which  enter  into  the  fats  are  taken  up.  It  is 
obtained  from  the  fats  by  boiling  them  with  an  alkali 
like  caustic  soda  or  caustic  potash,  or  by  heating  with 
steam. 

Properties. — Glycerine  is  a  thick,  colourless  liquid 
with  a  sweetish  taste.  It  attracts  moisture  from  the  air, 
and  is  hence  used  to  keep  surfaces  moist. 

ACIDS 

Formic  Acid,  CH2O2. — This  acid  occurs  in  nature 
in  red  ants,  in  stinging-nettles,  in  the  shoots  of  some  of 
the  varieties  of  pine,  and  elsewhere.  It  is  a  colourless 
liquid.  Dropped  on  the  skin,  it  causes  extreme  pain 
and  produces  blisters. 

Acetic  Acid,  C0H4O2. — This  is  the  acid  contained 
in  vinegar  which  gives  to  it  its  value.  It  is  formed  from 
alcoholic  liquids  by  exposing  them  to  the  air,  in  conse- 
quence of  the  presence  of  a  microscopic  organism  which 
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is  contained  in  what  is  commonly  known  as  "mother 
of  vinegar."  The  formation  of  acetic  acid  from  alcohol 
is  due  to  the  action  of  oxygen  as  represented  in  the 
equation 

C2H60  +  02  =  C2H402  +  H20. 

Alcohol.  '     Acetic  acid. 

But  oxygen  alone  does  not  effect  the  change.  When 
the  ferment  is  present  the  oxidation  takes  place.  Acetic 
acid  is  also  obtained  by  distilling  wood.  Hence  the 
names  pyroligneous  add  and  wood-vinegar. 

Properties. — Acetic  acid  is  a  clear,  colourless  liquid. 
It  has  a  very  penetrating,  pleasant,  acid  odour,  and  a 
sharp  taste.  The  pure  substance  acts  upon  the  skin  like 
formic  acid,  causing  pain  and  raising  blisters. 

Uses. — Acetic  acid  is  extensively  used,  chiefly  in  the 
dilute  form  known  as  vinegar.  It  is  used  in  calico- 
printing  in  the  form  of  iron  and  aluminium  salts.  With 
iron  it  gives  hydrogen,  which  is  needed  in  the  manufac- 
ture of  certain  compounds  used  in  making  dyes. 

Salts  of  Acetic  Acid. — The  best-known  salts  of 
acetic  acid  are  lead  acetate,  Pb(C2H3O2)2,  commonly 
called  sugar  of  lead;  and  copper  acetate,  Cu(C2H3O2)2, 
a  variety  of  which  is  known  as  verdigris. 

Patty  Acids. — Formic  and  acetic  acids  are  the  first 
members  of  an  homologous  series  (see  page  106).  Some 
of  the  more  important  members  are  named  in  the  follow- 
ing table  : 


Formic      a 
Acetic 
Propionic 

nd      .          .          .          .        CH2O2. 
,        .          •          .          •        C2H402. 
,                                            CoHrO,>. 

Butyric 

C,HRO9. 

Palmitic 
Stearic 

,                                                            C16H32°2' 

,        .         .         .         .       C18H3602. 

They  are  called  fatty  acids  for  the  reason  that  many 
of  them  are  obtained  from  fats. 

Butyric  Acid,  C4HgO2,  is  of  special  interest  because 
it  is  obtained  from  butter  by  boiling  with  caustic  potash. 
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It  occurs  also  in  many  other  fats.  There  is  a  butyric- 
acid  ferment  contained  in  putrid  cheese  which  has  the 
power  of  converting  sugar  into  butyric  acid. 

Palmitic  Acid,  C16H32O2,  is  obtained  from  many 
fats,  but  palm-oil  is  especially  rich  in  it. 

Stearic  Acid,  C18H36O2,  is  the  acid  contained  in  the 
.fat  known  as  stearine.  The  so-called  " stearine  candles" 
are  made  of  a  mixture  of  palmitic  and  stearic  acids. 

Soaps. — Soaps  are  the  alkali  salts  of  the  acids  con- 
tained in  fats,  especially  of  palmitic  and  stearic  acids. 
Fats  are  compounds  of  these  acids  with  glycerine.  When 
the  fats  are  boiled  with  an  alkali,  as  caustic  soda,  the 
corresponding  salts  of  the  acids  are  formed,  while  the 
glycerine  is  set  free.  The  palmitate  and  stearate  of 
potassium  and  sodium  are  the  soaps. 

EXPERIMENT  129. — In  an  iron  pot  boil  a  quarter  of  a  pound 
of  lard  with  a  solution  of  40  grams  caustic  soda  in  250  cc.  of 
water  for  an  hour  or  two.  After  cooling  add  a  strong  solution 
of  sodium  chloride.  The  soap  formed  will  separate  and  rise  to 
the  top  of  the  solution,  where  it  will  finally  solidify.  Dissolve 
some  of  the  soap  thus  obtained  in  water. 

Use  of  Soap. — The  cleansing  power  of  soap  depends 
upon  the  fact  that  it  dissolves  the  oily  film  on  the  surface 
of  the  skin  and  thus  facilitates  the  removal  of  the  foreign 
substances  commonly  known  as  dirt. 

Action  of  Soap  on  Hard  "Waters. — As  has  been 
explained,  a  hard  water  is  one  which  contains  salts  in 
solution.  Temporary  hardness  is  that  which  is  caused 
by  calcium  carbonate  held  in  solution  in  the  water  by 
carbon  dioxide.  Permanent  hardness  is  caused  by 
calcium  sulphate  or  magnesium  salts.  The  calcium  and 
magnesium  salts  of  palmitic  and  stearic  acids  are  insol- 
uble in  water.  Therefore,  when  soap  is  added  to  a  hard 
water  these  insoluble  salts  are  precipitated,  and  give  the 
water  a  hard  feeling.  In  attempting  to  wash  the  hands 
with  soap  in  a  hard  water  they  become  covered  with  a 
thin  layer  of  the  insoluble  salts  which  prevents  them 
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from  rubbing  freely  over  each  other,  and  makes  them 
feel  sticky.  Before  the  soap  can  do  any  good  all  the 
lime-salt  must  be  precipitated.  The  action  in  the  case 
of  temporary  hardness  is  represented  by  the  equation 

2NaC16H3102  +  CaC03  =  Ca(C16H31O2)2  +  Na2CO3. 

Soap.  Calcium  palmitate. 

In  the  case  of  permanent  hardness  it  is  represented 
by  the  equation 

2NaC16H3102  +  CaS04  =  Ca(C16H31O2)2  +  Na2SO4. 

EXPERIMENT  130. — Make  some  hard  water  by  passing  car- 
bon dioxide  through  dilute  lime-water  until  the  precipitate  first 
formed  is  dissolved  again.  Filter.  Make  a  solution  of  soap 
by  shaking  up  a  few  shavings  of  soap  with  water.  Filter.  Add 
the  solution  of  soap  to  the  hard  water.  Is  a  precipitate  formed  ? 
Rub  a  piece  of  soap  between  the  hands  wet  with  the  hard 
water. 

EXPERIMENT  131. — Make  some  hard  water  by  shaking  a 
litre  or  two  of  water  with  a  little  powdered  gypsum.  Perform 
with  it  the  same  experiments  as  those  first  performed  with  the 
water  containing  calcium  carbonate. 

Relations  of  the  Soap  Industry  to  other  In- 
dustries.— A  great  chemist  and  philosopher  has  said 
that  the  quantity  of  soap  used  in  a  country  is  a  measure 
of  the  civilisation  of  the  country.  Certain  it  is  that  soap 
is  only  used  by  civilised  people,  and  that  by  them  it  is 
used  in  enormous  quantities.  In  many  farm-houses  a 
primitive  method  for  the  manufacture  of  soap  is  practised, 
consisting  in  treating  refuse  fats  with  the  lye  extracted 
from  wood-ashes.  A  soft  soapy  mass  is  thus  obtained 
known  as  "  soft-soap."  Fats  form  the  starting-point  in 
the  manufacture  of  all  soap.  These  are  generally  treated 
with  caustic  soda.  Caustic  soda  is  all  made  from  sodium 
carbonate  by  the  action  of  lime ;  and,  as  you  have 
learned,  sodium  carbonate  is  made  from  common  salt 
mostly  by  the  Leblanc  process,  which  requires  sulphuric 
acid.  Thus  the  manufacture  of  sulphuric  acid  and 
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sodium  carbonate  is  intimately  related  to  the  manufacture 
of  soap. 

Oxalic  Acid,  C2H2O4.  —  This  acid  occurs  very 
widely  distributed  in  nature,  as  in  the  sorrels,  which  owe 
their  acid  taste  to  the  presence  of  acid  potassium  oxal- 
ate,  KC2HO4  ;  and  as  the  ammonium  salt  in  guano.  It 
is  probably  one  of  the  first  substances  formed  from  car- 
bon dioxide  in  the  plant.  It  is  manufactured  by  heating 
wood  shavings  or  sawdust  with  caustic  soda  and  caustic 
potash.  Oxalic  acid  is  an  active  poison.  It  is  used  in 
calico-printing,  and  in  cleaning  brass  and  copper  sur- 
faces. 

Lactic  Acid,  C3H6O3.  —  Lactic  acid  is  made  by  the 
fermentation  of  sugar  by  means  of  the  lactic-acid  ferment. 
The  reaction  effected  by  the  ferment  is  represented  by 
the  equation 


Malic  Acid,  C4H6O5.  —  This  acid  is  very  widely  dis- 
tributed in  the  vegetable  kingdom,  as  in  apples,  cherries, 
etc. 

Tartaric  Acid,  C4H6O(V  —  Tartaric  acid  occurs  very 
widely  distributed  in  fruits,  sometimes  uncombined,  some- 
times in  the  form  of  the  potassium  or  calcium  salt  ;  as, 
for  example,  in  grapes,  berries  of  the  mountain  -ash, 
potatoes,  cucumbers,  etc.  It  is  prepared  from  "  cream 
of  tartar."  This  is  acid  potassium  tartrate,  which  is 
formed  when  grape-juice  ferments. 

Citric  Acid,  C6H8O7.—  Citric  acid,  like  malic  and 
tartaric  acids,  is  very  widely  distributed  in  nature  in 
many  varieties  of  fruit,  especially  in  lemons.  It  is  also 
found  in  currants,  whortleberries,  raspberries,  goose- 
berries, etc.  etc.  It  is  prepared  from  lemon-juice:  100 
parts  of  lemons  yield  5j  parts  of  the  acid.  It  is  a  solid, 
crystallised  substance,  soluble  in  water.  It  is  frequently 
used  for  the  purpose  of  making  lemonade  without  lemons, 
and  there  is  no  objection  to  its  use  for  this  purpose. 
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ETHERS. 

Ether,  C4H10O. — Ordinary  ether  is  the  best-known 
representative  of  the  class  of  compounds  called  ethers. 
It  is  formed  from  ordinary  alcohol  by  treating  it  with 
sulphuric  acid  and  distilling.  The  result  of  the  action 
which  takes  place  is  represented  by  the  equation 

Alcohol.  Ether. 

Ether  is  a  liquid  which  boils  at  a  low  temperature  and 
takes  fire  and  burns  readily.  Inhaled  it  produces  in- 
sensibility to  pain.  It  is  therefore  called  an  ancesthetic. 

ETHEREAL  SALTS. 

Action  of  Acids  upon  Alcohols. — When  an  acid 
acts  upon  an  alcohol  it  is  neutralised,  though  not  as 
readily  as  when  it  acts  upon  a  base.  The  product  is  a 
substance  which  resembles  a  salt,  and  is  called  an  ethereal 
salt.  Thus,  when  nitric  acid  acts  upon  alcohol  this  re- 
action takes  place  : 

C2H60  +  HN03  =  C2H5N03  +  H2O. 

The  product  C2H5NO3,  called  ethyl  nitrate,  is  an 
ethereal  salt.  The  alcohol  acts  as  if  it  were  a  substance 
like  caustic  potash  and  made  up  thus,  C2H5.OH.  The 
resemblance  between  its  action  and  that  of  caustic  potash 
is  shown  by  the  equations 

KOH        +  HN03  =  KN03       +  H2O,  and 
C2H5OH  4-  HNO3  =  C2H5NO3  +  H2O. 

Saponification. — When  an  ethereal  salt  is  boiled 
with  a  caustic  alkali  it  is  decomposed,  the  products  being 
an  alcohol  and  an  alkali  salt.  Thus  when  ethyl  nitrate 
is  boiled  with  caustic  potash,  potassium  nitrate  and 
alcohol  are  formed : 

C2H5NO3  +  KOH  =  C2H5OH  +  KNO3. 
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This  process  is  called  saponification,  because  the  most 
important  example  is  furnished  by  soap-making. 

Fats. — The  fats  are  ethereal  salts  in  the  formation  of 
which  glycerine,  as  the  alcohol,  and  three  acids  take  part. 
The  three  acids  are  palmitic  and  stearic  acids,  already 
mentioned,  and  oleic  acid,  ClgH34O2.  Although  the 
composition  of  these  substances  is  comparatively  com- 
plex, the  way  they  act  upon  one  another  is  simple,  and 
is  the  same  as  the  action  of  nitric  acid  upon  alcohol  in 
forming  ethyl  nitrate.  The  fats,  then,  are  the  palmitate, 
stearate,  and  oleate  of  glyceryl,  which  bears  to  glycerine 
very  much  the  same  relation  that  ethyl,  C2H5,  bears  to 
alcohol.  When  a  fat  is  boiled  with  caustic  soda,  then 
the  sodium  salts  of  the  acids,  contained  in  the  fat,  and 
glycerine  are  formed. 

Butter  consists  of  ethereal  salts  of  glycerine  and 
several  fatty  acids,  among  which  are  palmitic,  stearic, 
and  butyric  acids.  Oleo-margarine  is  an  artificial  butter 
made  from  other  fats  than  that  from  milk. 

Ethereal  Salts  as  Essences. — The  ethereal  salts 
generally  have  pleasant  odours,  and  it  is  to  their  presence 
that  many  fruits  owe  their  flavours.  Some  of  the  com- 
pounds are  now  made  artificially  and  used  instead  of  the 
natural  extract  of  the  fruit.  Thus  the  ethyl  salt  of  biity- 
ric  acid  is  used  under  the  name  of  essence  of  pineapples, 
and  the  amyl  salt  of  valeric  acid  under  the  name  essence 
of  apples. 

Nitroglycerine. — Among  the  more  important  ethereal 
salts  of  glycerine  are  the  nitrates.  Two  of  these  are  known, 

C  O.N02 
viz.,  the  mono-nitrate,  C3H&<  OH     ,  and  the  tri-nitraie, 

I  OH 

C3H5(O.NO2)3,  the  latter  being  the  chief  constituent  of 
nitroglycerine.  Nitroglycerine  is  prepared  by  treating  gly- 
cerine with  a  mixture  of  concentrated  sulphuric  and  nitric 
acids.  It  is  a  pale  yellow  oil  which  is  insoluble  in  water. 
At  -  20°  it  crystallises  in  needles.  It  explodes  very 


218  THE  ELEMENTS  OF  CHEMISTRY          CHAP. 

violently  by  concussion.  It  may  be  burned  in  an  open 
vessel,  but  if  heated  above  250°  it  explodes.  Dynamite 
is  infusorial  earth1  impregnated  with  nitroglycerine. 
Nitroglycerine  is  the  active  constituent  of  a  number  of 
explosives. 

RELATIONS  BETWEEN  THE  COMPOUNDS  CONSIDERED. 

Comparison  of  the  Formulas. — On  comparing 
the  formulas  of  the  hydrocarbons  of  the  marsh-gas  series 
(see  page  106)  with  those  of  the  simplest  alcohols  and 
the  fatty  acids,  it  will  be  seen  that  these  compounds  are 
all  related  in  a  simple  way.  Below  are  lists  of  a  few  of 
the  hydrocarbons,  alcohols,  and  acids : 

Hydrocarbons.  Alcohols.  Acids. 

CH4  CH40  CH202 

C2H6  C2H60  C2H40 

C3H8  C3H8°  C3H6°2 

C4H10,  etc.  C4H100,  etc.  C4H8O2,  etc. 

Each  of  these  series  is  an  homologous  series. 

Alcohols. — Alcohols  have  been  shown  to  be  derived 
from  the  hydrocarbons  by  the  replacement  of  one  or 
more  hydrogen  atoms  by  oxygen  and  hydrogen,  OH,  or 
from  water  by  replacing  one  of  the  hydrogen  atoms  of 
the  water  by  a  compound  of  carbon  and  hydrogen.  An 
alcohol,  then,  is  a  hydroxide,  just  as  a  metallic  base  is  ; 
only,  instead  of  consisting  of  a  metal  in  combination 
with  hydrogen  and  oxygen,  it  consists  of  a  compound  of 
carbon  and  hydrogen  in  combination  with  hydrogen  and 
oxygen.  Thus : 

Metallic  Bases.  Alcohols. 

K(OH)  CH3(OH) 

Na(OH)  C2H5(OH) 

1  That  is  to  say,  earth  made  up  of  the  microscopic  flinty  shells  which  con- 
stitute the  fossil  remains  of  certain  minute  and  simple  plants. 
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More  Complex  Alcohols. — Just  as  lime  is  a  more 
complex  base  than  caustic  potash,  as  shown  by  the 
formulas  KOH  and  CaO2H2  or  Ca(OH)2,  so  there  are 
more  complex  alcohols  than  ordinary  alcohol.  A  good 
example  is  furnished  by  glycerine,  C3HgO3,  which  has 
been  shown  to  be  a  hydroxide  corresponding  to  aluminium 
hydroxide,  A1(OH)3,  a  fact  which  is  represented  by  the 
formula  C3H5(OH)3.  It  may  be  called  glyceryl  hy- 
droxide, the  complex,  C3H5,  being  known  as  glyceryl. 

Radicals  or  Residues. — The  compounds  of  hydro- 
gen and  carbon  contained  in  the  alcohols  are  called 
radicals  or  residues.  So  we  may  say  that  an  alcohol  is 
water  in  which  half  of  the  hydrogen  has  been  displaced 
by  a  radical. 

HOH  C2H5OH 

Water.  Ordinary  alcohol. 

HOH  (OH 

HOH  C8HJOH  =  C8H808. 

HOH  (OH 

Water.  Glycerine. 

Acids. — Just  as  the  alcohols  have  been  shown  to  be 
derived  from  water,  so  the  organic  acids  have  been 
shown  to  be  derived  from  carbonic  acid.  Carbonic  acid 
itself  is  not  known.  But  the  carbonates  are  derived  from 

(  O  \\ 
an  acid  of  the  formula  H2CO3,  or  CO  <  ~H>  If,  in  this 

acid,  a  hydroxyl  be  replaced  by  a  radical,  as,  for  example, 
by  ethyl,  C2H5,  a  substance  of  the  formula  CO  j  ^2^5 
or  C3HGO2  is  the  result.  If  methyl,  CH3,  be  introduced 
in  place  of  ethyl,  the  product  is  CO  <  -.3  or  C2H4O2, 

which  is  acetic  acid.  In  a  similar  way  all  the  organic 
acids  are  derived  from  carbonic  acid. 


CHAPTER    XXVI 

OTHER   COMPOUNDS    OF   CARBON 

The  Carbohydrates.  —  The  carbohydrates  form 
an  important  group  of  carbon  compounds  which  include 
the  most  abundant  substances  found  in  the  vegetable 
kingdom.  They  contain,  besides  carbon,  hydrogen  and 
oxygen  in  the  proportions  to  form  water.  Hence  they 
are  called  carbohydrates.  The  chief  compounds  included 
under  this  head  are  grape-sugar  or  glucose,  cane-sugar, 
starch,  cellulose,  gum,  and  dextrine. 

Grape-sugar,  Glucose,  Dextrose,  C6H12O6.  — 
Dextrose  occurs  very  widely  distributed  in  the  vegetable 
kingdom,  particularly  in  sweet  fruits.  It  is  found  also 
in  honey,  and,  further,  in  the  liver  and  the  blood. 

Formation  of  Dextrose.  —  Dextrose  or  glucose  is 
formed  from  several  of  the  carbohydrates  by  boiling  with 
dilute  mineral  acids,  or  by  the  action  of  ferments.  Its 
formation  from  cane-sugar  takes  place  according  to  this 
equation,  equal  quantities  of  dextrose  and  levulose  being 
formed  : 

C12H22°11  +  H2°  =  C6H12°6  +  C6H12°6' 
Cane-sugar.  Dextrose.  Levulose. 

Its  formation  from  starch  is  represented  by  this 
equation  : 


Starch.  Dextrose. 

Manufacture     of    Dextrose     or     Glucose.  — 
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Dextrose  is  prepared  on  the  large  scale  from  corn-starch 
in  the  United  States,  and  from  potato-starch  in  Germany. 
The  change  is  usually  effected  by  boiling  with  dilute 
sulphuric  acid.  The  acid  is  afterwards  removed  by 
treating  with  chalk,  and  filtering.  [Explain  how  this 
removes  the  acid.]  The  filtered  solutions  are  evaporated 
either  to  a  syrupy  consistency,  and  sent  into  the  market 
under  the  names  of  "  glucose,"  "  mixing  syrup,"  etc.,  or 
to  dryness,  the  solid  product  being  known  as  "  grape- 
sugar." 

Properties. — Dextrose  crystallises  from  concentrated 
solutions,  and  as  seen  in  commercial  "  granulated  grape- 
sugar  "  looks  very  much  like  granulated  cane-sugar.  It 
is  sweet,  but  not  as  sweet  as  cane-sugar.  It  is  estimated 
that  the  sweetness  of  dextrose  is  to  that  of  cane-sugar  as 
3  :  5.  Under  the  influence  of  yeast  it  ferments,  yielding 
mainly  alcohol  and  carbon  dioxide.  Putrid  cheese  trans- 
forms it  into  lactic  acid,  and  then  into  butyric  acid. 

Levulose  (Fmit-sugar),  C6H12O6. — This  form  of 
sugar  occurs  with  dextrose  in  fruits  ;  and  is  formed  by 
the  action  of  dilute  acids  or  ferments  on  cane-sugar, 
which  breaks  up  according  to  the  equation 

Ci2H22°n  +  H2°  =  C6H1206  +  C6H1206. 

Cane-sugar.  Dextrose.          Levulose. 

As  cane-sugar  is  found  in  unripe  fruits,  it  is  probable 
that  the  change  represented  in  the  equation  takes  place 
during  the  process  of  ripening. 

Cane-sugar,  C12H22On. — This  well-known  variety 
of  sugar  occurs  very  widely  distributed  in  nature — in 
sugar-cane,  sorghum,  the  Java  palm,  the  sugar-maple, 
beets,  madder -root,  coffee,  walnuts,  hazel-nuts,  sweet 
and  bitter  almonds  ;  in  the  blossoms  of  many  plants, 
etc. 

Sugar-refining. — Sugar  is  obtained  mainly  from  the 
sugar-cane  and  beets.  In  either  case  the  processes  of 
extraction  and  refining  are  largely  mechanical.  When 
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sugar-cane  is  used,  this  is  macerated  with  water  to  dis- 
solve the  sugar.  Thus  a  dark-coloured  solution  is  ob- 
tained. This  is  evaporated,  and  then  passed  through 
filters  of  bone-black  by  which  the  colour  is  removed. 
The  clear  solution  is  then  evaporated  in  open  vessels  to 
some  extent ;  and,  finally,  in  large  closed  vessels  called 
"  vacuum-pans,"  from  which  the  air  is  partly  exhausted, 
so  that  the  boiling  takes  place  at  a  lower  temperature 
than  would  be  required  under  the  ordinary  pressure  of 
the  atmosphere.  The  mixture  of  crystals  and  mother- 
liquors  obtained  from  the  "  vacuum-pans  "  is  freed  from 
the  liquid  by  being  brought  into  the  "  centrifugals." 
These  are  funnel-shaped  sieves  which  are  revolved 
rapidly,  the  liquid  being  thus  thrown  by  centrifugal  force 
through  the  openings  of  the  sieve,  while  the  crystals 
remain  behind  and  are  thus  nearly  dried.  The  final 
drying  is  effected  by  placing  the  crystals  in  a  warm 
room. 

Molasses. — The  mother-liquors  obtained  from  the 
"  centrifugals "  are  further  evaporated,  and  yield  lower 
grades  of  sugar ;  and,  finally,  a  syrup  is  obtained  which 
does  not  crystallise.  This  is  molasses. 

Properties  of  Sugar. — Sugar  crystallises  from 
water  in  large  well-formed  prisms.  When  heated  to 
210°  to  220°,  cane-sugar  loses  water,  and  is  converted 
into  a  substance  called  caramel,  which  is  more  or  less 
brown  in  colour.  When  boiled  with  dilute  acids,  cane- 
sugar  is  split  into  equal  parts  of  dextrose  and  levulose. 
The  mixture  of  the  two  is  called  invert-sugar.  Yeast 
gradually  transforms  cane-sugar  into  dextrose  and  levu- 
lose, and  these  then  undergo  fermentation.  Cane-sugar 
does  not  ferment. 

Sugar  of  Milk,  Lactose,  C12H22On  +  H2O. — This 
sugar  occurs  in  the  milk  of  all  mammals.  It  is  obtained 
in  the  manufacture  of  cheese.  Cows'  milk  consists  of 
water,  caseinj  butter,  sugar  of  milk,  and  a  little  inorganic 
material,  in  about  the  following  proportions  : — 
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Water     . 

Casein    ....... 

Butter 

Sugar  of  milk  ...... 

Mineral  matter         ..... 

100 

Cheese  is  made  by  adding  rennet  to  the  milk,  which 
causes  the  separation  of  the  casein.  The  sugar  of  milk 
remains  in  solution,  is  separated  by  evaporation,  and 
purified  by  recrystallisation.  It  has  a  slightly  sweet 
taste,  and  is  much  less  soluble  in  water  than  cane- 
sugar. 

Souring  of  Milk. — Sugar  of  milk  ferments  under 
certain  circumstances,  and  is  transformed  mostly  into 
lactic  acid.  The  souring  of  milk  is  a  result  of  this  fer- 
mentation. The  lactic  acid  formed  coagulates  the  casein  ; 
hence  the  thickening. 

Cellulose,  C6H10O5. — Cellulose  forms,  as  it  were, 
the  groundwork  of  all  vegetable  tissues.  It  presents 
different  appearances  and  different  properties,  according 
to  the  source  from  which  it  is  obtained  ;  but  these  dif- 
ferences are  due  to  substances  with  which  the  cellulose 
is  mixed  ;  and  when  they  are  removed,  the  cellulose  left 
behind  is  the  same  thing,  no  matter  what  its  source  may 
have  been.  The  coarse  wood  of  trees  and  the  tender 
shoots  of  the  most  delicate  plants  consist  essentially  of 
cellulose.  Cotton-wool,  hemp,  and  flax  consist  almost 
wholly  of  cellulose. 

Properties. — Cellulose  does  not  crystallise,  and  is 
insoluble  in  all  ordinary  solvents.  It  dissolves  in  con- 
centrated sulphuric  acid.  If  the  solution  be  diluted  and 
boiled,  the  cellulose  is  converted  into  dextrine  and  dex- 
trose. It  will  thus  be  seen  that  rags,  paper,  and  wood, 
all  of  which  consist  largely  of  cellulose,  might  be  used 
for  the  preparation  of  dextrose  or  glucose,  and  conse- 
quently of  alcohol. 
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G-un-cotton,  Pyroxyline,  Nitro-celluose. — Cellu- 
lose has  some  of  the  properties  of  alcohols  ;  among  them 
the  power  to  form  ethereal  salts  with  acids.  Thus,  when 
treated  with  nitric  acid  it  forms  several  nitrates,  just  as 
glycerine  forms  the  nitrates  known  as  nitro- glycerine 
(which  see).  The  nitrates  are  explosive,  and  are  used 
for  blasting  under  the  name  gtin-cotton. 

Collodion. — A  solution  of  gun-cotton  in  a  mixture  of 
ether  and  alcohol  is  known  as  collodion  solution,  which 
is  much  used  in  photography.  When  poured  upon  any 
surface,  such  as  glass,  the  ether  and  alcohol  rapidly 
evaporate,  leaving  a  thin  coating  of  the  nitrates. 

Celluloid. — Celluloid  is  an  intimate  mixture  of  gun- 
cotton  and  camphor.  As  it  is  plastic  at  a  slightly 
elevated  temperature,  it  can  easily  be  moulded  into  any 
desired  shape.  When  cooled  it  hardens. 

Paper. — Paper  in  its  many  forms  consists  mainly  of 
cellulose.  The  essential  features  in  the  manufacture  of 
paper  are,  first,  the  disintegration  of  the  substances  used. 
This  is  effected  partly  mechanically  and  partly  by  boiling 
with  caustic  soda.  Then  the  resulting  mass  is  converted 
into  pulp  by  means  of  knives  placed  on  rollers.  The 
pulp,  with  the  necessary  quantity  of  water,  is  then  passed 
between  rollers.  Chiefly  rags  of  cotton  or  linen  are  used 
in  the  manufacture  of  paper  ;  wood  and  straw  are  also 
used. 

Starch,  C6H10O5. — Starch  is  found  everywhere  in 
the  vegetable  kingdom  in  large  quantity,  particularly  in 
all  kinds  of  grain,  as  maize,  wheat,  etc.  ;  in  tubers,  as 
the  potato,  arrowroot,  etc.  ;  in  fruits,  as  chestnuts, 
acorns,  etc. 

Manufacture  of  Starch. — In  the  United  States 
starch  is  manufactured  mainly  from  maize  ;  in  Europe, 
from  potatoes.  The  processes  made  use  of  are  mostly 
mechanical.  The  maize  is  first  treated  with  warm 
water ;  the  softened  grain  is  then  ground  between  stones, 
a  stream  of  water  running  constantly  into  the  mill.  The 
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thin  paste  which  is  carried  away  is  brought  upon  sieves 
of  silk  bolting-cloth,  which  are  kept  in  constant  motion. 
The  starch  passes  through  with  the  water  as  a  milky 
fluid.  This  is  allowed  to  settle  when  the  water  is  drawn 
off.  The  starch  is  next  treated  with  water  containing  a 
little  alkali,  the  object  of  which  is  to  dissolve  gluten,  oil, 
etc.  The  mixture  is  now  brought  into  shallow,  long 
wooden  runs,  where  the  starch  is  deposited,  the  alkaline 
water  running  off.  Finally,  the  starch  is  washed  with 
water,  and  dried  at  a  low  temperature. 

Properties. — Starch  in  its  usual  condition  is  in- 
soluble in  water.  If  ground  with  cold  water  it  is  partly 
dissolved.  If  heated  with  water  the  membranes  of  the 
cells  of  which  the  starch  is  composed  are  broken,  and 
the  contents  form  a  partial  solution.  On  cooling,  it 
forms  a  transparent  jelly  called  starch-paste.  By  dilute 
acids  and  ferments  starch  is  converted  into  dextrine, 
maltose,  and  dextrose. 

Flour. — Wheat  flour,  which  may  serve  as  an  example 
of  flour  in  general,  contains  water,  starch  with  a  little 
sugar  and  gum,  gluten,  and  a  small  quantity  of  mineral 
matter.  The  finest  flour  contains  about  10  per  cent  of 
gluten  and  70  per  cent  of  starch.  Gluten  is  a  substance 
which  resembles  in  many  respects  the  white  of  eggs,  or 
egg-albumin. 

Bread-making. — The  chemical  changes  which  take 
place  in  bread-making  are  of  special  interest.  Bread  is 
made  by  mixing  the  flour  with  water  and  a  little  yeast. 
The  dough  thus  prepared  is  put  in  a  warm  place  for  a 
time,  when  it  rises.  The  rising  is  a  result  of  fermenta- 
tion caused  by  the  yeast.  A  part  of  the  starch  contained 
in  the  flour  is  converted  into  sugar,  and  this  is  then  con- 
verted into  alcohol  and  carbon  dioxide  by  fermentation. 
The  alcohol  passes  off  for  the  most  part,  and  the  carbon 
dioxide  in  striving  to  escape  from  the  thick  gummy  dough 
fills  the  mass  with  bubbles  of  gas,  making  the  mass  light 
and  porous.  When  the  loaf  is  put  into  the  oven  the 
Q 
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gases  contained  in  it  expand,  making  it  still  lighter ; 
then  the  fermentation  is  checked  and  no  further  chemical 
change  takes  place  except  on  the  surface,  where  the 
substances  are  partly  decomposed  and  converted  into  a 
dark-coloured  product,  the  crust. 

A  FEW  COMPOUNDS  FROM  COAL-TAR 

Aromatic  Compounds. — The  fact  that  benzene, 
CfiH6,  toluene,  CrHg,  and  other  hydrocarbons  are  ob- 
tained from  coal-tar  has  already  been  mentioned  (p.  208). 
These  hydrocarbons  are  the  starting-points  for  the 
preparation  of  a  very  large  number  of  compounds  of 
carbon  which  are  commonly  called  the  "aromatic 
compounds,"  as  many  of  them  have  a  pleasant  aromatic 
odour. 

Nitrobenzene,  C6H5NO2. — This  substance  is  formed 
by  treating  benzene  with  nitric  acid : 

C6H6  +  HNO2  =  C6H5NO2  +  H2O. 

It  is  a  yellow  liquid,  which  has  a  pleasant  odour  like  that 
of  the  oil  of  bitter  almonds.  It  is  much  used  under  the 
name  artificial  oil  of  bitter  almonds. 

Aniline,  C6H5NH2. — When  nitrobenzene  is  treated 
with  any  solution  from  which  hydrogen  is  given  off  the 
oxygen  is  extracted  and  replaced  by  hydrogen  : 

C6H5N02  +  6H  =  C6H5NH2  +  2H2O. 

The  product  is  the  substance  known  as  aniline.  It  is 
a  colourless  liquid.  When  treated  with  mercuric  chloride 
(corrosive  sublimate,  HgCl2)  or  arsenic  acid  it  is  con- 
verted into  the  dye  magenta,  which  is  the  substance  from 
which  the  aniline  dyes  are  prepared. 

Aniline  Dyes. — Of  these  a  large  number  are  in 
use.  They  are  all  derivatives  of  rosaniline,  of  which 
magenta  is  a  salt.  A  great  many  different  colours  of 
aniline  dyes  are  made,  some  of  them  of  great  beauty. 

Phenol,   Carbolic  Acid,    C6H6O.— This  familiar 
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substance  is  contained  in  coal-tar,  and  is  extracted  from 
it  by  treating  with  caustic  soda,  in  which  the  carbolic 
acid  dissolves.  When  pure  it  crystallises  in  beautiful 
colourless  rhombic  needles.  It  has  a  peculiar,  penetrat- 
ing odour,  and  is  poisonous.  It  is  much  used  as  a 
disinfectant. 

Oil  of  Bitter  Almonds,  )   r  „  n        ™  -          K 
_  .       .  ,  ,   ,      ,  '   >  CVHAO.  —  This     sub- 

Benzoic  Aldehyde,  j      7 

stance  occurs  in  combination  with  amygdaline,  which  is 
found  in  bitter  almonds,  laurel  -  leaves,  cherry -kernels, 
etc.  Amygdaline  belongs  to  the  class  of  compounds 
known  as  glucosides,  which  break  up  into  glucose  and 
other  substances.  Amygdaline  itself,  under  the  influence 
of  emulsin,  which  occurs  with  it  in  the  plants,  breaks  up 
into  oil  of  bitter  almonds,  hydrocyanic  acid,  and  dextrose : 

C20H2rNOn  +  2H20  =  CrH60  +  CNH  +  2C6H12O6. 

Amygdaline.  Oil  of          Hydro-  Glucose. 

bitter       cyanic  acid, 
almonds. 

It  is  prepared  from  bitter  almonds,  which  yield  about 
1.5  to  2  per  cent.  It  is  a  liquid  which  has  a  pleasant 
odour.  It  is  made  artificially  from  coal-tar,  and  is  used 
in  the  preparation  of  artificial  indigo. 

Benzoic  Acid,  C7H6O2. — Benzoic  acid  occurs  in 
gum  benzoin  and  in  the  balsams  of  Peru  and  Tolu,  and 
is  made  artificially  from  coal-tar  by  oxidising  toluene,1 
C7Hg. 

Balsams  and  Odoriferous  Resins. — The  balsams 
of  Peru  and  Tolu  are  thick  fragrant  fluids  which  are 
obtained  from  certain  trees  in  South  America  and  else- 
where by  cutting  the  bark.  Benzoin  is  a  similar  sub- 
stance. These  as  well  as  myrrh,  frankincense,  and  other 
substances  of  the  kind  are  used  for  their  odours.  The 
odours  are  increased  when  the  substances  are  heated, 
Hence  they  are  largely  used  as  incense. 

1  The  name  toluene  comes  from  the  fact  that  this  hydrocarbon  was  first 
obtained  from  the  balsam  of  Tolu. 
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G-allic  Acid,  CrH6O5. — Gallic  acid  occurs  in  sumach, 
in  Chinese  tea,  and  many  other  plants.  It  is  formed  by 
boiling  tannin  or  tannic  acid  with  sulphuric  acid.  It  is 
prepared  from  gall-nuts  by  fermentation  of  the  tannin 
contained  in  them.  It  is  closely  related  to  tannin  or 
tannic  acid. 

Tannic  Acid,  Tannin,  C14H10O9. — This  substance 
occurs  in  gall-nuts,  from  which  it  is  extracted  in  large 
quantities.  It  is  soluble  in  water.  Its  solution  gives  a 
dark  blue-black  colour  with  iron  salts.  Tannin  is  used 
extensively  in  medicine,  in  dyeing,  in  the  manufacture 
of  leather  and  of  ink. 

EXPERIMENT  132. — Boil  10  grams  of  powdered  gall-nuts 
with  60  cc.  of  water,  adding  water  from  time  to  time.  A  solu- 
tion of  tannin  is  thus  obtained.  Filter  after  standing.  In  a 
test-tube  add  to  some  of  this  solution  a  few  drops  of  a  solution 
of  copperas  (ferrous  sulphate).  A  coloured  precipitate  is  formed 
which  gradually  changes  to  black. 

Tanning. — The  process  of  tanning  consists  in  treat- 
ing hides  from  which  the  hair  has  been  removed  with  an 
infusion  of  hemlock  or  oak  bark,  or  of  sumach  leaves, 
in  which  there  is  tannic  acid.  The  acid  combines  with 
certain  parts  of  the  hides,  forming  insoluble  compounds 
which  remain  in  the  pores,  converting  the  hides  into 
leather. 

Indigo. — In  several  plants  which  grow  in  the  East 
and  West  Indies,  in  South  America,  Egypt,  and  other 
warm  countries,  there  occurs  a  substance  called  indican, 
which,  when  treated  with  dilute  mineral  acids  and  certain 
ferments,  breaks  up  into  indigo-blue  and  a  substance 
resembling  glucose.  Commercial  indigo  contains  as  its 
principal  ingredient  indigo-blue.  Indigo -blue  is  now 
prepared  artificially  by  first  making  the  oil  of  bitter 
almonds  from  coal-tar  and  further  transforming  this  by 
complicated  processes. 

Naphthalene,  C10Hg. — This  is  a  hydrocarbon  which 
is  contained  in  coal-tar  in  large  quantity.  It  is  a  beauti- 
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ful  white  crystallised  substance  much  used  in  the 
preparation  of  dyes. 

Anthracene,  C14H10. — Anthracene  like  naphthalene 
is  obtained  from  coal-tar.  Its  chief  use  is  in  the  prepara- 
tion of  artificial  alizarine. 

Alizarine,  C14H8O4. — Alizarine  is  the  well-known  dye 
which  is  obtained  from  madder-root.  For  some  years  it 
has  been  made  artificially  from  anthracene,  and  the 
cultivation  of  madder  has  been  largely  given  up.  Madder- 
root  was  used  for  dyeing  "Turkey  red."  Artificial 
alizarine  is  almost  exclusively  used  for  this  purpose  at 
present. 

Glucosides. — Glucosides  are  substances  which  occur 
in  nature  in  the  vegetable  kingdom,  and  which  break  up 
under  the  influence  of  ferments  and  dilute  acids  into 
sugar  and  other  compounds.  Amygdaline  has  already 
been  mentioned.  This  breaks  up  into  oil  of  bitter  almonds 
and  dextrose.  Indican,  which  yields  indigo  and  dextrose, 
is  another  example. 

Myronic  Acid,  another  glucoside,  is  found  in  the 
form  of  the  potassium  salt  in  black  mustard-seed.  When 
treated  with  myrosine,  which  is  contained  in  the  aqueous 
extract  of  white  mustard-seed,  potassium  myronate  is 
converted  into  dextrose  and  oil  of  mustard. 

Alkaloids. — These  are  compounds  occurring  in 
plants,  frequently  being  those  parts  of  the  plants  which 
are  most  active  when  taken  into  the  animal  body.  They 
are  hence  sometimes  called  the  active  principles  of  plants. 
Many  of  these  substances  are  used  in  medicine.  They 
all  contain  nitrogen  and  in  some  respects  resemble 
ammonia.  Only  a  few  of  the  more  important  alkaloids 
need  be  mentioned  here. 

Quinine. — This  valuable  alkaloid  is  obtained  from 
the  outer  bark  of  certain  trees  which  grow  in  Peru.  The 
bark  is  known  as  Peruvian  bark.  There  is  some  hope 
that  quinine  will  be  prepared  artificially  before  long. 
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Cocaine  is  found  in  cocoa-leaves.  Its  hydrochloric- 
acid  salt  has  recently  come  into  prominence  in  medicine, 
owing  to  the  fact  that  a  small  quantity  of  its  solution 
placed  upon  the  eye  or  the  gums  or  injected  beneath  the 
skin  causes  insensibility  to  pain. 

Nicotine  occurs  in  tobacco-leaves  in  combination 
with  malic  acid. 

Morphine  and  Narcotine  are  the  principal  alka- 
loids found  in  opium,  which  is  the  evaporated  sap  that 
flows  from  incisions  in  the  capsules  of  the  white  poppy 
before  they  are  ripe. 


QUESTIONS   AND    PROBLEMS 


CHAPTER    I 

What  two  kinds  of  changes  are  you  familiar  with  ? 

Give  some  familiar  illustrations  of  each. 

What  is  the  chief  difference  between  the  two  kinds  of 
change  ? 

Mention  some  examples  of  physical  changes  which  are  not 
given  in  the  book. 

Mention  some  examples  of  chemical  changes  not  given  in  the 
book. 

Why  do  you  call  these  changes  chemical  changes  ? 

What  is  meant  by  saying  that  physical  and  chemical  changes 
are  related  ? 

Give  some  familiar  examples  which  make  these  relations 
clear. 

How  does  the  steam-engine  illustrate  these  relations  ? 

Suppose  a  stone  should  fall  upon  some  gunpowder  and  cause 
it  to  explode,  which  would  be  physical  and  which  chemical 
change  ? 

Give  some  examples  showing  that  heat  can  cause  chemical 
changes. 

Give  some  examples  showing  that  chemical  changes  can  pro- 
duce heat. 

Give  examples  showing  that  in  some  cases  when  substances 
are  simply  brought  together  chemical  changes  are  caused. 

Give  some  examples  showing  that  solution  aids  chemical 
action. 

How  can  we  distinguish  chemical  action  from  all  other  kinds 
of  action  ? 

What  is  the  difference  between  a  mixture  and  a  chemical 
compound  ? 
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How  can  this  difference  be  illustrated  by  means  of  iron  and 
sulphur  ? 

Suppose  sugar  and  sand  were  placed  together  in  a  vessel  and 
well  shaken  up,  would  a  chemical  compound  or  a  mechanical 
mixture  be  formed  ?  Try  the  experiment,  and  see  whether  you 
can  answer  the  question  with  the  aid  of  the  experiment.  Treat 
the  substance  with  water  ;  what  takes  place  ?  What  is  left  ? 

When  iron  and  sulphur  combine  chemically,  is  there  any  gain 
or  loss  in  weight  ? 

Explain  the  difference  between  elements  and  compounds. 

Is  wood  an  element  ?     Why  ? 

Is  the  number  of  compounds  larger  than  the  number  of 
elements  ? 

How  many  elements  enter  into  the  composition  of  the  things 
with  which  we  generally  have  to  deal  ? 

Give  some  examples  of  elements.  Why  are  they  called 
elements  ? 

Give  some  examples  of  compounds.  Why  are  they  called 
compounds  ? 

In  general,  what  is  meant  by  chemical  action  ? 

What  three  kinds  of  chemical  action  are  there  ?  Give 
examples  of  each. 

Why  does  a  stone  fall  to  the  earth  when  thrown  upward  ? 

Why  do  substances  act  chemically  upon  one  another  ? 

Suppose  chemical  attraction  should  cease,  what  would  be  the 
result  ? 

Which  of  the  elements  is  most  abundant  ?  Which  comes 
next  in  order? 

Which  is  the  principal  element  that  enters  into  the  composi- 
tion of  living  things  ? 

How  are  the  names  of  the  elements  formed  ?     Give  examples. 

What  is  meant  by  the  symbols  of  the  elements  ? 

CHAPTER  II 

Describe  the  changes  which  are  produced  in  lead,  zinc,  and 
tin  by  heating  them,  and  describe  the  experiments  which  taught 
you  what  these  changes  are. 

How  did  you  learn  that  the  air  had  anything  to  do  with 
these  changes  ? 

Did  heat  have  anything  to  do  with  the  changes  ?  Suppose 
you  knew  that  the  bits  of  metal  used  in  Experiments  13,  14, 
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and  15  increased  in  weight  when  heated  in  the  air,  and  that 
they  did  not  increase  in  weight  when  heated  so  that  the  air  could 
not  get  at  them,  what  would  that  show  ? 

What  familiar  facts  show  that  the  air  has  something  to  do 
with  burning  ? 

How  could  you  find  out  what  the  air  does  when  things  burn 
in  it? 

What  is  noticed  when  a  candle  is  burned  in  a  closed  vessel  ? 

Does  a  candle  in  burning  gain  or  lose  in  weight  ? 

How  much  of  the  air  is  used  up  when  anything  burns  in  a 
closed  vessel  ? 

Suppose  a  substance  is  burned  in  a  closed  vessel  containing 
air  and  gains  5  grams  in  weight,  where  would  this  5  grams  of 
matter  come  from  ?  How  much  would  you  expect  to  find  that 
the  air  had  lost  in  weight  ? 

What  is  the  composition  of  the  air  ? 

Why  are  oxygen  and  nitrogen  called  elements  ? 

CHAPTER  III 

Where  and  in  what  quantity  is  oxygen  found  ? 

How  can  we  get  oxygen  from  the  air  ? 

Explain  how  oxygen  is  collected  when  it  is  set  free  from  the 
oxide  of  mercury. 

What  other  ways  are  there  of  getting  oxygen? 

What  is  the  appearance  of  oxygen  ?  Its  smell  ?  taste  ? 
What  happens  to  it  when  it  is  much  cooled  down  and  com- 
pressed ? 

How  does  oxygen  behave  towards  other  substances  at  the 
ordinary  temperature  ?  How  do  you  know  this  ?  Does  oxygen 
act  upon  anything  at  the  ordinary  temperature  ?  Give  ex- 
amples. 

Of  what  importance  is  oxygen  to  all  animals  ?  What  differ- 
ence is  there  between  the  action  of  oxygen  at  the  ordinary 
temperature  and  at  higher  temperatures  ?  How  did  you  learn 
this  difference  ? 

When  substances  burn  in  oxygen,  is  the  oxygen  used  up  ? 
What  becomes  of  it  ?  Do  the  substances  gain  or  lose  in  weight  ? 
How  does  the  weight  of  the  oxygen  used  up  compare  with  the 
gain  in  weight  of  the  substance  burned  ? 

What  does  burning  in  oxygen  consist  in  ? 

Is  burning  in  the  air  the  same  chemical  act  as  burning  in 
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oxygen  ?  How  can  this  be  proved  ?  Why  do  substances  not 
burn  as  actively  in  the  air  as  they  do  in  oxygen  ? 

What  is  meant  by  combustion  ? 

What  are  combustible  substances  ? 

What  are  incombustible  substances  ? 

Is  water  combustible  ?     Is  wood  combustible  ? 

Give  an  example  of  a  substance  which  will  not  burn  in  the 
air,  but  which  will  burn  in  oxygen.  How  was  this  shown  ? 

What  is  meant  by  the  kindling  temperature  ?  Explain  why 
it  is  that  a  stick  of  wood  burns  gradually  and  not  all  at  once. 

Explain  the  connection  between  the  heat  and  light  produced, 
and  the  combustion  of  a  substance. 

What  is  meant  by  the  expressions  chemical  work  and  chemi- 
cal energy  ? 

Do  combustible  substances  possess  chemical  energy  ? 

Show  how  a  combustible  substance  can  do  work.  What  are 
the  substances  called  which  are  found  in  combustion  ?  Give 
examples. 

CHAPTER  IV 

Explain  what  is  meant  by  saying  that  the  elements  combine 
in  definite  weights. 

What  is  the  law  of  definite  proportions  ? 

How  are  natural  laws  discovered  ? 

What  is  a  natural  law  ? 

In  studying  the  proportions  by  weight  in  which  the  elements 
combine  with  one  another,  what  is  observed  ? 

What  are  the  combining  weights  of  the  elements  ? 

How  is  a  chemical  compound  expressed  by  a  symbol  ? 

What  does  the  symbol  NaCl  mean  ?  What  does  O  stand 
for  ?  What  does  Fe  stand  for  ? 

How  does  a  chemist  express  what  takes  place  when  mercury 
oxide  is  heated  ? 

How  much  mercury  is  contained  in  20  grams  of  mercury 
oxide  ? 

How  much  oxygen  is  contained  in  30  grams  of  mercury 
oxide  ? 

How  much  mercury  oxide  would  be  necessary  to  furnish  10 
grams  of  oxygen  ? 

How  much  mercury  oxide  would  be  necessary  to  furnish  10 
grams  of  mercury  ? 
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Explain  what  is  meant  by  the  law  of  multiple  proportions. 
Give  examples  illustrating  the  law. 

What  do  the  symbols  SO2,  CO2,  and  H2SO4  mean  ? 

CHAPTER  V 

Where  and  in  what  forms  is  nitrogen  found  in  nature? 

How  can  we  get  nitrogen  from  the  air  ? 

Why  do  we  use  phosphorus  for  the  purpose  ? 

Describe  the  method  of  preparing  nitrogen. 

How  can  nitrogen  be  obtained  from  the  air  by  the  use  of 
copper  ? 

What  is  the  colour  of  nitrogen?  its  taste?  its  odour?  How 
does  it  differ  from  oxygen  in  its  conduct  towards  burning  things? 
Could  animals  live  in  it?  Why?  Suppose  there  were  no 
nitrogen  in  the  air,  how  would  our  fires  differ  from  the  fires  in 
the  air  ? 

What  is  the  difference  between  a  chemical  compound  and  a 
mechanical  mixture  ? 

Are  nitrogen  and  oxygen  chemically  combined  or  mixed 
together  in  the  air  ? 

What  reasons  can  you  give  for  your  statement  ? 

CHAPTER  VI 

How  can  it  be  shown  that  water  is  contained  in  wood  ?  in 
meat? 

Is  water  present  in  large  or  small  proportion  in  animal  and 
vegetable  substances  ? 

What  is  meant  by  water  of  crystallisation  ? 

What  are  efflorescent  substances  ? 

What  are  deliquescent  substances  ? 

Is  water  an  element  or  a  compound  ?     How  do  you  know  ? 

Describe  the  experiment  in  which  an  electric  current  if 
passed  through  water.  What  does  the  experiment  show  ? 

CHAPTER  VII 

Where  and  in  what  forms  is  hydrogen  met  with  in  nature  ? 
How  is  hydrogen  obtained  ? 

What  takes  place  when  a  piece  of  sodium  is  thrown  upon 
water  ? 
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What  takes  place  when  steam  is  passed  over  heated  iron  ? 

What  is  water  gas,  and  how  is  it  obtained  ? 

Which  are  the  common  acids  ?  What  do  they  all  contain  ? 
What  takes  place  when  they  are  treated  with  metallic  elements? 

What  is  the  most  convenient  method  for  preparing  hydrogen  ? 

Describe  the  process  fully,  and  show  how  you  can  collect  the 
hydrogen. 

What  are  the  properties  of  hydrogen  ? 

How  is  it  shown  that  hydrogen  is  lighter  than  air  ? 

What  relation  is  there  between  the  weights  of  equal  volumes 
of  hydrogen  and  oxygen  ? 

If  the  weight  of  a  certain  bulk  of  hydrogen  is  I  ounce,  what 
would  be  the  weight  of  the  same  bulk  of  oxygen  ? 

What  relation  is  there  between  the  combining  weights  of 
hydrogen  and  oxygen  and  the  weights  of  equal  bulks  of  the  two 
gases  ? 

When  we  say  that  the  combining  weight  of  hydrogen  is  I 
and  that  of  oxygen  16,  what  is  meant?  What  is  meant  when 
we  say  the  combining  weight  of  iron  is  56  ? 

If  we  should  call  the  combining  weight  of  oxygen  100,  what 
would  be  the  combining  weight  of  hydrogen  ? 

What  change  takes  place  in  hydrogen  when  it  is  cooled  down 
very  much  and  greatly  compressed  ? 

Does  hydrogen  combine  with  oxygen  at  the  ordinary  tempera- 
ture ?  How  do  you  know  ? 

What  takes  place  when  it  is  heated  in  oxygen  ? 

Does  hydrogen  support  combustion?  How  can  this  be 
shown  ? 

CHAPTER  VIII 

Is  water  formed  when  hydrogen  burns  ?  How  can  this  be 
shown  ?  How  is  it  explained  ? 

What  takes  place  when  a  flame  or  spark  is  applied  to  a 
mixture  of  hydrogen  and  oxygen  ?  How  is  this  explained  ? 

How  can  we  show  what  takes  place  when  a  mixture  of 
hydrogen  and  oxygen  explodes  ?  What  has  been  shown  to  take 
place?  How  does  this  help  us  to  understand  what  the  com- 
position of  water  is  ? 

In  what  other  way  can  the  composition  of  water  be  found 
out? 

Explain  exactly  how  the  experiment  with  copper  oxide 
teaches  us  what  the  composition  of  water  is. 
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What  is  meant  by  reduction  ?  a  reducing  agent  ? 

Explain  the  oxyhydrogen  blow-pipe  and  its  uses. 

Explain  the  lime-light  or  Drummond  light. 

Has  water  any  colour  ? 

Is  the  water  which  is  found  in  nature  pure  ?     Why  is  this  ? 

Why  does  ice  float  on  water  ? 

What  is  the  purest  water  found  in  nature  ?     Why  ? 

What  is  the  character  of  the  water  found  in  mountain  streams 
which  flow  over  sandstone  ?  Why  ? 

What  is  the  character  of  the  water  which  flows  over  lime- 
stone ? 

What  are  mineral  springs  ? 

How  does  water  become  salt  ? 

What  are  effervescent  waters  ?  chalybeate  waters  ?  What  is 
sulphur  water  ? 

What  are  the  most  common  causes  of  impurities  in  water  ? 

What  change  takes  place  in  river-water  which  has  been 
contaminated  with  drainage  ? 

What  precautions  should  be  taken  in  regard  to  the  position 
of  wells  ?  Why  ? 

How  can  water  be  purified  ?  Describe  the  process  of 
distillation. 

What  kinds  of  substances  cannot  be  removed  from  water  by 
distillation  ? 

What  is  meant  by  saying  that  water  is  the  best  solvent  ? 

Why  do  we  use  solutions  in  studying  the  chemical  action  of 
substances  upon  one  another  ? 

What  is  a  solution? 

What  is  expressed  by  the  symbol  H2O  ? 

In  what  respects  do  hydrogen  and  oxygen  resemble  each 
other  ?  In  what  respects  do  they  differ  from  each  other  ? 

Do  hydrogen  and  oxygen  combine  readily  ?  Does  combina- 
tion take  place  more  readily  between  those  elements  which  are 
alike  or  between  those  which  are  unlike  ? 

What  change  takes  place  in  oxygen  when  electric  sparks  are 
passed  through  it  ?  In  what  other  ways  can  this  change  be 
brought  about  ? 

How  can  ozone  be  converted  into  oxygen  ? 

When  oxygen  is  changed  to  ozone,  and  ozone  to  oxygen,  is 
there  any  change  in  weight  ? 

What  is  hydrogen  dioxide  ?  How  is  it  made  ?  What  is  its 
most  striking  property  ?  What  is  it  used  for  ? 
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What  is  destructive  distillation  ? 

From  what  kinds  of  substances  is  ammonia  given  off  in 
destructive  distillation  ? 

What  is  one  of  the  products  formed  when  substances  con- 
taining carbon,  hydrogen,  and  oxygen  are  heated?  In  what 
experiment  which  you  have  already  performed  is  this  shown  ? 

Explain  why  ammonia  is  formed  in  gas-works  ? 

What  does  the  process  of  decay  consist  in  ? 

What  becomes  of  the  nitrogen  contained  in  animal  substances 
when  they  decay  ? 

What  connection  is  there  between  saltpetre  and  nitric  acid  ? 
between  potassium  nitrite  and  nitrous  acid  ? 

What  is  the  "ammoniacal  liquor"  of  the  gas-works?  What 
is  formed  when  hydrochloric  acid  is  added  to  this  liquor  ? 

How  is  ammonia  obtained  from  ammonium  chloride  ? 

Express  what  takes  place  in  a  chemical  equation,  and  explain 
exactly  what  the  equation  means  ? 

[The  expression  2NH4C1  represents  twice  the  quantity  of 
ammonium  chloride  that  is  represented  by  NH4C1.  So  also 
2NH3  represents  a  quantity  of  ammonia  twice  as  great  as  is 
represented  by  NH3]. 

How  much  ammonia  can  be  obtained  from  50  grams  of 
ammonium  chloride  ? 

The  combining  weight  of  nitrogen  is  14,  that  of  calcium,  Ca, 
is  40,  and  that  of  chlorine,  Cl,  is  35.5.  We  have,  therefore, 
these  relations  : 

2NH4C1       +      CaO      =     2NH3    +     CaCl2    +    H2O 
2(14  +  4  +  35.5)+  (40+16)  =  2(14  +  3) +  (40  +  71)  +  (2+16) 

2x53.5       +        56       =    2x17    +       in      +      18 

107  +        56       =       34       +       in      +      18 

To  determine  the  quantity  of  ammonia  which  can  be  obtained 
from  50  grams  of  ammonium  chloride,  we  have  simply  to  solve 
the  proportion 

107  :  34  ::  50  :  the  weight  of  ammonia. 

For  from  107  parts  by  weight  of  ammonium  chloride  there  are 
formed   34  parts  by  weight   of  ammonia;  and,   therefore,   as 
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these  figures  are  to  each  other  so  is  50,  the  actual  weight  of 
ammonium  chloride  used,  to  the  weight  of  ammonia  obtained. 

Describe  the  process  of  preparing  ammonia  from  ammonium 
chloride.  How  is  the  gas  collected  ?  What  is  the  appearance 
of  ammonia  ?  What  is  its  odour  ?  What  effect  does  it  produce 
upon  breathing  ?  What  about  its  weight  ?  How  is  this  shown  ? 
Explain  the  use  of  ammonia  for  the  purpose  of  making  ice. 
Does  ammonia  burn  ?  How  does  water  act  upon  it  ? 

What  is  "spirits  of  hartshorn  "? 

How  is  nitric  acid  formed  in  nature  ? 

How  is  nitric  acid  obtained  from  saltpetre  ?  Express  in  an 
equation  what  takes  place.  Describe  the  apparatus  used,  and 
give  the  reasons  for  the  arrangement  of  the  apparatus. 

What  is  the  appearance  of  pure  nitric  acid?  What  takes 
place  when  it  is  boiled  ?  when  the  sun  shines  directly  upon  it  ? 
How  does  strong  nitric  acid  act  ? 

What  is  ordinary  commercial  nitric  acid  ?  Why  do  sub- 
stances burn  in  strong  nitric  acid  ?  Describe  some  experiments 
which  illustrate  the  power  of  nitric  acid.  What  does  the  nitric 
acid  give  up  to  the  substances  upon  which  it  acts  ? 

What  does  nitric  acid  give  up  when  a  metallic  element  acts 
upon  it  ?  Describe  what  further  takes  place,  and  why. 

What  is  aqua  regia,  and  why  has  it  received  this  name  ? 

What  compounds  does  nitrogen  form  with  oxygen  ?  How 
does  this  series  illustrate  the  law  of  multiple  proportions  ?  What 
is  the  law  of  multiple  proportions  ? 

How  is  nitrous  oxide  formed  ?  How  is  it  usually  prepared  ? 
Give  the  equation  representing  the  action,  and  state  what  it 
means. 

What  are  the  properties  of  nitrous  oxide  ? 

How  is  nitric  oxide  made  ?  What  takes  place  when  it  is 
brought  in  contact  with  the  air  ?  Why  is  the  gas  red  which 
first  appears  in  the  flask  used  in  making  nitric  oxide  ?  and  why 
does  it  afterwards  become  colourless  ?  Give  the  equations 
which  represent  what  takes  place  when  nitric  acid  acts  upon 
copper,  and  explain  what  they  mean. 

How  is  nitrogen  peroxide  formed?  What  are  its  chief 
properties  ?  For  what  is  it  used  ? 

CHAPTER  X 

What  is  meant  by  saying  that  oxygen  belongs  to  a  family  of 
elements  ? 
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In  what  form  does  chlorine  occur  in  nature  ?  in  what 
quantity  ?  What  are  all  the  chlorine  compounds  with  which  we 
have  to  deal  made  from  ? 

What  two  steps  are  necessary  in  order  to  get  chlorine  out  of 
sodium  chloride  or  common  salt  ?  What  resemblance  is  there 
between  the  process  for  making  hydrochloric  acid  from  common 
salt  and  that  of  making  nitric  acid  from  sodium  nitrate  ?  What 
is  formed  besides  hydrochloric  acid  and  nitric  acid  in  each  case  ? 

How  is  chlorine  made  in  the  laboratory?  Why  is  this 
method  not  well  adapted  to  the  commercial  manufacture  of 
chlorine  ? 

Describe  Deacon's  process  for  the  manufacture  of  chlorine. 

Describe  Weldon's  process  for  the  manufacture  of  chlorine. 

Describe  accurately  the  method  of  making  chlorine  used  in 
the  laboratory.  How  is  the  chlorine  collected  ?  What  takes 
place  when  powdered  antimony  is  introduced  into  chlorine  ? 
copper  foil  ?  flowers  and  calico  ? 

What  is  the  appearance  of  chlorine  ?  its  odour  ?  its  action 
upon  the  throat  and  nose  ?  Is  it  heavier  or  lighter  than  air  ? 
What  is  its  action  upon  water  ?  What  is  bleaching  ? 

What  is  disinfection?  What  is  "  bleaching  -powder "? 
What  other  name  has  it  ?  Why  is  it  valuable  as  a  disinfecting 
agent  ? 

Compare  the  action  of  hydrogen  on  oxygen  and  on  chlorine. 
What  are  the  products  ?  What  are  chlorides  ? 

What  is  the  simplest  way  of  forming  hydrochloric  acid  ? 
What  difference  is  there  between  the  action  of  a  mixture  of 
chlorine  and  hydrogen  and  a  mixture  of  hydrogen  and  oxygen  ? 
What  art  is  dependent  upon  chemical  changes  caused  by  light  ? 
Describe  the  method  of  preparing  hydrochloric  acid.  Give  the 
equation  expressing  the  action,  and  state  what  it  means. 

If  40  grams  of  common  salt  are  used,  how  much  hydrochloric 
acid  and  how  much  sodium  sulphate  will  be  obtained  ? 

How  is  the  hydrochloric  acid  collected  ?  What  are  the  pro- 
perties of  hydrochloric  acid  ?  Give  a  connected  account  of  all 
that  you  learned  about  it  in  Experiment  65.  How  can  the 
composition  of  hydrochloric  acid  be  determined  ?  What  is  the 
composition  ?  What  happens  to  hydrochloric  acid  when  it  is 
treated  with  a  metallic  element  like  zinc  ?  when  treated  with  an 
oxide  like  zinc  oxide  ?  When  treated  with  substances  which 
give  up  oxygen  readily? 

How  are   the  chief  compounds   of  chlorine,  hydrogen,  and 
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oxygen  obtained  ?  What  is  potassium  chloride  ?  potassium 
hypochlorite  ?  potassium  chlorate  ?  What  takes  place  when 
these  compounds  are  treated  with  sulphuric  acid  ?  Express  the 
reactions  in  equations,  and  show  how  the  reactions  resemble 
one  another.  Compare  the  reactions  with  that  which  takes 
place  when  sulphuric  acid  acts  upon  sodium  or  potassium  nitrate. 

To  which  of  the  substances  above  mentioned  is  "  bleaching- 
powcler  "  allied  ? 

In  what  way  does  the  series  of  compounds  of  chlorine  with 
hydrogen  and  oxygen  illustrate  the  law  of  multiple  proportions  ? 


CHAPTER  XI 

What  takes  place  when  an  acid  and  a  base  are  brought 
together  ? 

What  are  alkalies  ?  Mention  some  common  acids  ;  some 
common  bases.  How  can  you  conveniently  tell  whether  a . 
substance  is  an  acid  or  a  base  ? 

What  did  you  learn  in  Experiment  66  ? 

How  can  you  determine  what  is  formed  when  an  acid  acts 
upon  a  base  ?  What  is  formed  when  hydrochloric  acid  acts  upon 
caustic  soda  ?  nitric  acid  upon  caustic  soda  ?  sulphuric  acid  upon 
caustic  soda  ?  hydrochloric  acid  upon  caustic  potash  ?  nitric  acid 
upon  caustic  potash  ?  sulphuric  acid  upon  caustic  potash  ? 

What  do  the  experiments  performed  in  regard  to  th«  action 
of  acids  upon  bases  teach  ? 

What  is  formed  when  a  metallic  element  acts  upon  an 
acid? 

What  is  an  acid  ?  a  base  ?  a  salt  ? 

What  is  a  metal  ? 

Explain  the  use  of  the  syllables  ic  and  ous  in  naming  acids  ; 
of  hypo  and  per.  Give  the  names  and  symbols  of  the  compounds 
of  chlorine,  hydrogen,  and  oxygen. 

How  are  bases  named  ? 

Explain  how  salts  are  named.  What  is  the  name  and  for- 
mula of  the  potassium  salt  of  hypochlorous  acid  ?  of  perchloric 
acid  ?  of  chloric  acid  ?  of  nitric  acid  ? 

What  are  the  salts  of  hydrochloric  acid  called  ?     Why  ? 

What  connection  is  there  between  acid  properties  and 
oxygen  ? 

R 
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What  takes  place  when  animal  and  vegetable  substances  are 
heated  to  a  high  temperature  ?  Why  is  this  ?  What  takes  place 
when  they  are  heated  in  the  air  ? 

Give  a  familiar  example  of  the  process  of  destructive  dis- 
tillation. For  what  purpose  is  coal  distilled  ?  wood  ? 

What  are  the  principal  forms  in  which  carbon  occurs  in 
nature?  Mention  some  of  the  most  common  compounds  of 
carbon. 

What  two  forms  of  pure  carbon  are  there  ? 

Where  are  diamonds  found,  and  what  is  the  general  appear- 
ance of  a  diamond  when  first  found  ? 

How  can  graphite  be  made?  Compare  graphite  and  diamond, 
stating  the  properties  of  each.  By  what  other  names  is  graphite 
known  ? 

What  is  amorphous  carbon  ? 

Describe  the  process  by  which  charcoal  is  made. 

Compare  the  properties  of  charcoal  with  those  of  diamond 
and  graphite. 

What  is  coke,  and  how  is  it  obtained  ?  lampblack  ?  bone- 
black  or  animal  charcoal? 

What  are  charcoal  filters  used  for  ?  What  are  bone-black 
filters  used  for? 

What  is  the  object  of  charring  piles  which  are  exposed  to  the 
action  of  air  and  water  ? 

What  different  kinds  of  coal  do  we  distinguish  between? 
What  is  lignite  ?  peat  ? 

How  was  coal  formed  ? 

What  are  the  chief  products  of  the  destructive  distillation  oi 
coal?  Are  hard  or  soft  coals  used  in  the  manufacture  of  illumi- 
nating-gas ?  Why  ? 

How  can  it  be  proved  that  diamond,  graphite,  and  charcoal 
consist  only  of  the  element  carbon  ?  What  common  properties 
have  the  different  forms  of  carbon  ? 

What  is  meant  by  the  name  allotropism  ? 

How  can  we  form  an  idea  in  regard  to  the  reason  why  one 
and  the  same  thing  can  appear  in  different  forms  ? 

Compare  the  chemical  conduct  of  carbon  with  that  of  the 
other  elements  thus  far  considered. 

What  is  formed  when  carbon  combines  directly  with  oxygen  ? 
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How  can  this  be  proved  ?  How  can  we  easily  recognise 
carbon  dioxide  ? 

Explain  what  takes  place  when  a  mixture  of  charcoal  and 
copper  oxide  is  heated  ;  when  a  mixture  of  arsenic  and  charcoal 
is  heated.  Is  there  any  resemblance  between  the  action  of 
hydrogen  and  of  charcoal  on  heated  copper  oxide  ? 

Why  is  carbon  called  a  reducing  agent  ? 

What  important  use  is  made  of  charcoal  as  a  reducing  agent? 
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What  are  hydrocarbons  ?  Are  these  easily  formed  in  the 
laboratory?  Under  what  circumstances  are  they  easily  and 
abundantly  formed  ? 

What  is  petroleum  ?  Why  must  it  be  refined  before  it  is  fit  for 
use  in  lamps  ?  How  is  it  refined  ?  What  is  the  product  called  ? 

What  are  some  of  the  light  products  obtained  when  petroleum 
is  refined  ?  What  is  paraffin  ? 

Give  the  names  and  symbols  of  the  four  simplest  hydro- 
carbons contained  in  petroleum. 

What  is  meant  by  homology,  and  an  homologous  series  ? 

Give  the  names  and  symbols  of  the  first  three  members  of 
the  ethylene  series. 

Give  the  names  and  symbols  of  the  first  two  members  of  the 
acetylene  series. 

Give  the  names  of  the  first  three  members  of  the  benzene  series? 

Where  is  marsh-gas  found,  and  under  what  circumstances  is 
it  formed  ?  What  are  the  final  products  of  the  oxidation  of 
vegetable  matter  ?  What  is  the  chief  product  of  the  reduction 
of  vegetable  matter  ? 

Of  what  importance  is  the  occurrence  of  marsh-gas  in  coal- 
mines ? 

How  is  marsh-gas  made  in  the  laboratory  ? 

What  are  the  properties  of  marsh-gas  ? 

How  is  ethylene  obtained,  and  what  are  its  properties  ?  What 
other  name  has  it  ? 

How  is  acetylene  formed,  and  what  are  its  properties  ? 

Describe  in  brief  the  method  of  making  coal-gas. 

What  is  coal-tar  ?  Mention  some  of  the  products  obtained 
from  it. 

What  is  the  principal  compound  of  carbon  and  oxygen  ? 
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Where  and  in  what  forms  is  carbon  dioxide  found  ? 

What  processes  which  are  constantly  taking  place  give  rise 
to  the  formation  of  carbon  dioxide  ? 

How  is  carbon  dioxide  most  easily  made?  Describe  the 
process  accurately.  Express  the  action  by  means  of  a  chemical 
equation,  and  state  what  it  means. 

What  are  the  properties  of  carbon  dioxide  ? 

Why  does  not  carbon  dioxide  burn  ? 

What  is  meant  by  the  statement,  "Carbon  can  do  chemical 
work  "  ?  What  resemblance  is  there  between  a  piece  of  carbon 
and  an  elevated  body  of  water  ? 

What  is  soda-water,  and  how  is  it  made  ? 

What  connection  is  there  between  the  breathing  process  and 
carbon  dioxide  ?  Is  carbon  dioxide  poisonous  ? 

Why  is  the  air  in  badly  ventilated  rooms  bad  to  breathe  ? 

Why  is  carbon  dioxide  apt  to  be  found  in  old  wells  ?  How 
can  it  be  detected  if  present  in  large  quantity  ? 

What  is  choke-damp,  and  what  does  the  name  come  from  ? 

Of  what  importance  to  plants  is  the  carbon  dioxide  in  the 
air  ?  Of  what  importance  is  it  to  animals  ?  What  resemblance 
is  there  between  the  food  of  animals  and  the  fuel  burned  in  stoves? 

How  does  the  carbon  of  animals  and  plants  get  back  into 
the  air  again  ? 

In  what  way  is  all  life  directly  dependent  upon  the  sun  ? 

How  are  carbonates  formed  ?  What  is  the  composition  of 
sodium  carbonate  ?  of  potassium  carbonate  ?  What,  then,  is 
the  composition  of  carbonic  acid  ?  What  takes  place  when 
carbonic  acid  is  set  free  from  carbonates  ? 

What  takes  place  when  carbon  dioxide  acts  upon  potassium 
hydroxide  ?  upon  calcium  hydroxide  ?  Give  the  equations  re- 
presenting the  action,  and  name  the  products. 

What  takes  place  when  carbon  dioxide  is  passed  into  lime- 
water  until  no  further  action  is  observed  ?  What  change  occurs 
when  the  solution  thus  obtained  is  boiled  ? 

What  are  hard  waters  ?  How  are  they  formed  ?  Why  do 
we  make  the  distinction  between  temporary  and  permanent 
hardness  ?  What  objection  is  there  to  hard  waters  ? 

How  is  carbon  monoxide  formed  ?  Explain  its  formation 
in  open  grate  fires.  What  is  the  blue  flame  at  the  top  of  a  coal 
fire  due  to? 

Why  is  the  use  of  water-gas  sometimes  objected  to  ? 

How  is  carbon  monoxide  made  ? 
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What  are  its  properties  ? 

What  danger  is  there  connected  with  the  use  of  coal  stoves  ? 
Why  is  smouldering  charcoal  a  dangerous  thing  to  have  in  a  room  ? 

Why  is  carbon  monoxide  a  good  reducing  agent  ? 

Of  what  importance  is  it  in  the  reduction  of  iron  from  its  ores  ? 

What  is  a  flame  ?  What  is  the  difference  between  a  candle 
and  a  lamp  ? 

How  can  it  be  shown  that  when  a  burning  gas  is  cooled 
down  it  is  extinguished  ? 

Explain  the  construction  of  the  miner's  safety-lamp,  and  the 
reason  for  its  use. 

Why  do  some  flames  give  light  and  others  not  ? 

How  are  cyanides  formed  ?  What  is  yellow  prussiate  of 
potash,  and  how  is  it  made  ?  What  is  potassium  cyanide  ? 
How  is  cyanogen  made  ?  What  are  its  properties  ? 

Where  is  prussic  acid  found  ?     How  is  it  made  ?     What  are 

properties  ? 

CHAPTER   XIV 

What  are  the  two  principal  laws  governing  chemical  action  ? 

Do  we  know  why  substances  combine  according  to  the  laws 
of  definite  and  multiple  proportions  ? 

What  is  an  hypothesis  ?  a  theory  ? 

What  theory  has  been  suggested  to  explain  the  laws  of 
definite  and  multiple  proportions? 

Show  how  this  theory  accounts  for  the  facts. 

What  is  meant  by  the  atomic  weights  ? 

What  is  meant  by  the  expression  molecule  ? 

What  are  the  symbols  of  the  elements  intended  to  represent? 
the  symbols  of  compounds  ? 

Explain  in  full  what  the  symbols  HNO3,  H2SO4,  NH3,  CH4, 
and  CO2  are  intended  to  represent.  What  relation  is  there 
between  the  weight  of  a  molecule  and  the  weights  of  the  atoms 
of  which  it  is  made  up  ? 

What  is  Avogadro's  law  ? 

How  does  Avogadro's  law  help  us  to  determine  the  relative 
weights  of  the  molecules  of  gaseous  substances  ? 

How  are  the  atomic  weights  determined  from  the  molecular 
weights  ? 

What  difference  is  there -between  chlorine,  oxygen,  nitrogen, 
and  carbon,  as  shown  by  the  symbols  of  their  compounds  with 
hydrogen  ?  What  is  meant  by  the  valence  of  an  element  ? 
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What  is  meant  by  a  univalent  element  ?  a  bivalent  element  ? 
a  trivalent  element  ?  a  quadrivalent  element  ?  Barium  forms 
the  compound  BaCl2  ;  what  is  the  valence  of  barium  ?  Sodium 
forms  the  compound  NaCl ;  what  is  the  valence  of  sodium  ? 

In  the  formation  of  potassium  nitrate  from  nitric  acid,  how 
is  the  valence  of  potassium  shown  ?  When  a  bivalent  element 
like  calcium  forms  a  salt  with  nitric  acid,  how  does  the  displace- 
ment of  hydrogen  take  place  ?  Calcium  is  bivalent.  What  is 
the  symbol  of  its  salt  with  sulphuric  acid  ?  Explain  this.  What 
is  the  symbol  of  the  sodium  salt  of  sulphuric  acid  ?  What  does 
this  show  with  regard  to  the  valence  of  sodium  ? 

If  magnesium,  Mg,  is  bivalent,  what  is  the  symbol  of  its 
sulphate  ?  of  its  nitrate  ?  of  its  chloride  ?  What  is  the  basis  for 
the  distinction  between  acid-forming  and  base-forming  elements  ? 
Give  examples  of  the  two  classes.  What  are  these  classes 
sometimes  called  ? 

What  is  meant  when  we  speak  of  a  family  of  elements  ? 

What  are  the  families  of  acid-forming  elements  ? 
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Name  the  members  of  the  chlorine  family. 

Why  is  fluorine  included  in  this  family  ? 

In  what  forms  does  bromine  occur  in  nature  ? 

How  is  bromine  obtained  from  sodium  bromide  ?  Give  the 
equations  representing  the  steps  which  must  be  taken,  and  ex- 
plain what  is  meant  by  them. 

What  are  the  properties  of  bromine?  What  are  the  chief 
differences  between  bromine  and  chlorine? 

What  is  hydrobromic  acid,  and  how  is  it  formed?  What 
difference  is  there  in  the  conduct  of  common  salt  and  of  sodium 
bromide  towards  sulphuric  acid  ?  How  is  this  explained  ? 

What  compounds  does  bromine  form  with  hydrogen  and 
oxygen  ? 

In  what  forms  does  iodine  occur  in  nature  ?  How  is  it 
obtained  in  Scotland  and  France  ?  What  is  kelp  ? 

How  is  iodine  obtained  from  sodium  iodide  ?  Give  the 
equations  representing  the  action,  and  explain  what  they  mean. 

What  are  the  properties  of  iodine  ?  Compare  chlorine, 
bromine,  and  iodine,  stating  the  points  of  resemblance  and 
difference. 
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How  can  you  easily  tell  whether  a  substance  is  an  iodide  or 
not? 

How  is  hydriodic  acid  obtained  ?  How  does  it  differ  from 
hydrochloric  and  hydrobromic  acids  ?  What  takes  place  when 
potassium  iodide  is  treated  with  sulphuric  acid  ? 

In  what  forms  does  fluorine  principally  occur  in  nature? 

How  is  hydrofluoric  acid  made,  and  what  are  its  properties  ? 
Give  the  equation  representing  the  action  of  sulphuric  acid  on 
fluor-spar  ?  What  use  is  made  of  hydrofluoric  acid  ?  Can  the 
substance  be  kept  in  glass  bottles  ? 

What  analogy  is  there  between  chlorine,  bromine,  and  iodine, 
as  far  as  the  compounds  which  they  form  are  concerned  ? 

What  relation  is  there  between  the  atomic  weights  of  chlorine, 
bromine,  and  iodine  ? 

CHAPTER  XVI 

Name  the  members  of  the  sulphur  family.  Why  has  sulphur 
been  known  for  a  long  time?  Where  is  it  found  in  nature? 
What  is  the  chief  source  of  the  sulphur  of  commerce  ?  Name 
some  of  the  principal  compounds  in  which  sulphur  occurs  in 
nature  ? 

Describe  the  process  by  which  sulphur  is  extracted  from  its 
ores. 

How  is  crude  brimstone  refined?  What  is  the  difference 
between  "  flowers  of  sulphur  "  and  "  stick  sulphur  "  ?  Give  the 
properties  of  sulphur.  What  changes  does  it  undergo  when  it 
is  distilled  ? 

What  two  forms  can  sulphur  be  obtained  in  ?  How  can  it 
be  thus  obtained  ?  How  do  the  two  forms  differ  from  each 
other  ? 

How  does  sulphur  act  when  heated  in  the  air  ? 

What  are  sulphides  ?     How  are  they  formed  ? 

Can  sulphur  and  hydrogen  be  made  to  combine  directly? 
What  is  formed  ?  Where  is  this  compound  found  in  nature  ? 
Under  what  conditions  is  it  formed  ? 

How  is  hydrogen  sulphide  made  in  the  laboratory  ?  Explain 
what  takes  place  when  sulphuric  acid  is  used  ;  when  hydro- 
chloric acid  is  used.  How  is  the  substance  collected  ?  What 
are  its  properties  ?  How  does  it  behave  towards  water  ?  towards 
metals  ?  What  takes  place  when  it  is  passed  over  heated  iron  ? 
Is  there  any  resemblance  between  this  action  and  that  which 
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takes  place  when  steam  is  passed  over  heated  iron  ?  Express 
both  acts  by  chemical  equations. 

What  takes  place  when  hydrogen  sulphide  is  passed  through 
solutions  containing  metals  in  the  form  of  soluble  salts  ? 

How  can  hydrogen  sulphide  be  used  for  the  purpose  of 
learning  what  things  are  made  of?  What  is  formed  when  sulphur 
is  burned  in  the  air?  What  is  formed  when  sulphur  dioxide 
takes  up  more  oxygen  ?  What  is  the  product  of  the  action 
of  sulphur  trioxide  on  water  ?  What  relation  is  there  between 
sulphurous  acid  and  sulphuric  acid  ? 

Where  is  sulphur  dioxide  found  in  nature  ?  How  is  it  made 
in  the  laboratory  ?  Explain  the  reactions,  giving  the  equations. 

What  are  the  properties  of  sulphur  dioxide  ?  What  uses  are 
made  of  sulphur  dioxide  ? 

How  are  sulphites  made  ?  What  is  the  composition  of 
sodium  sulphite  ?  What  takes  place  when  sodium  sulphite  is 
treated  with  sulphuric  acid  ?  with  hydrochloric  acid  ?  Compare 
these  reactions  with  those  which  take  place  when  sodium 
carbonate,  Na2CO3,  is  treated  with  sulphuric  acid  and  with 
hydrochloric  acid. 

Mention  some  salts  of  sulphuric  acid  which  are  found  in 
nature.  How  is  sulphuric  acid  made  ?  Explain  the  action  of 
nitric  oxide  in  oxidising  sulphurous  acid. 

Describe  the  manufacture  of  sulphuric  acid.  Describe  the 
arrangement  of  a  leaden  chamber. 

What  is  oil  of  vitriol,  and  how  is  it  obtained  ?  How  does 
sulphuric  acid  act  upon  sodium  chloride?  upon  potassium  nitrate? 

How  does  sulphuric  acid  act  towards  water  ?  How  does  it 
act  upon  organic  substances  which  contain  hydrogen  and  oxygen? 
What  change  does  it  produce  in  wood  ?  Explain  the  change. 

Of  what  importance  is  sulphuric  acid  in  the  arts  ? 

What  marked  difference  in  conduct  is  there  between  sulphuric 
acid  and  hydrochloric  and  nitric  acids  ? 

What  is  a  monobasic  acid  ?  a  dibasic  acid  ? 

Define  acid,  normal,  and  neutral  salts. 

What  is  carbon  disulphide  ?  How  is  it  made,  and  what  are 
its  properties? 

Why  are  selenium  and  tellurium  included  in  the  sulphur 
family  ? 

What  relation  is  there  between  the  atomic  weights  of 
sulphur,  selenium,  and  tellurium  ?  Has  any  similar  relation 
been  noticed  in  the  case  of  other  elements  ? 
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How  does  phosphorus  occur  in  nature?   What  is  a  phosphate? 

How  is  phosphorus  made  ? 

What  are  the  properties  of  phosphorus  ? 

Explain  what  takes  place  when  phosphorus  and  iodine  are 
brought  in  contact  with  each  other. 

What  is  red  phosphorus  ?  How  is  it  made  from  ordinary 
phosphorus  ?  Compare  the  two  varieties  of  phosphorus.  How 
is  ordinary  phosphorus  made  from  red  phosphorus  ? 

Describe  the  changes  which  take  place  when  phosphorus  is 
burned  in  the  air  or  in  oxygen,  and  the  product  dissolved  in 
water. 

How  is  ordinary  phosphoric  acid  made  ?  What  salts  does 
it  form  with  sodium  ?  What  is  normal  calcium  phosphate  ? 
Why  is  phosphoric  acid  called  a  tribasic  acid  ? 

In  what  compounds  is  the  element  arsenic  found  in  nature  ? 
What  are  its  properties  ? 

What  compound  does  arsenic  form  with  hydrogen  ?  What 
compound  of  nitrogen  is  it  analogous  to  ?  How  is  it  formed  ? 
Explain  all  that  takes  place  in  Experiment  98. 

What  are  the  properties  of  arsine  ?  What  is  Marsh's  test, 
and  for  what  is  it  used  ? 

What  is  the  substance  which  is  usually  called  arsenic  ?  How 
is  it  obtained  from  the  element  arsenic,  and  from  the  compounds 
of  arsenic  with  metals  ?  What  are  its  properties  ? 

Explain  what  takes  place  when  arsenic  trioxide  and  charcoal 
are  mixed  together  and  the  mixture  heated.  In  what  form 
does  antimony  chiefly  occur  in  nature  ?  What  are  its  general 
properties  ? 

Compare  stibine  and  arsine. 

In  what  forms  does  boron  occur  in  nature  ?  How  is  it  pre- 
pared ?  What  are  its  properties  ? 

What  is  borax,  and  from  what  acid  is  it  derived  ? 

Mention  some  of  the  principal  compounds  of  silicon  which 
occur  in  nature  ?  Is  it  a  rare  or  common  element  ?  What  other 
element  does  it  resemble  in  some  respects  ? 

Does  silicon  occur  in  nature  in  the  uncombined  state?  How 
is  the  element  obtained  ? 

Mention  some  of  the  varieties  of  silicic  acid,  and  point  out 
the  relation  which  exists  between  them. 
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Mention  some   of  the  principal  varieties  of  silicon  dioxide 
which  occur  in  nature. 

What  important  manufactured  product  contains  silicon  ? 


CHAPTER  XVIII 

What  is  meant  by  the  name  base-forming  elements  ?  What 
name  is  given  to  the  elements  which  are  not  base-forming 
elements?  How  does  the  number  of  base-forming  elements 
compare  with  the  number  of  acid-forming  elements  ? 

What  is  meant  by  metallic  properties  ? 

What  are  the  chief  classes  of  metal  derivatives  ? 

What  are  minerals  ? 

What  is  meant  by  the  term  metallurgy  ? 


CHAPTER  XIX 

What  are  the  alkalies,  and  why  are  they  so  called  ? 

In  what  form  is  potassium  found  in  nature?  Of  what 
importance  is  the  element  potassium  to  plants  ?  Where  does 
the  potassium  which  the  plants  use  come  from  ?  What  is  left 
when  wood  is  burned  ?  Suppose  you  wanted  potassium  sulphate, 
and  had  only  wood  ashes  and  sulphuric  acid,  how  could  you 
get  it? 

In  what  other  forms  besides  those  mentioned  does  potassium 
occur  in  nature  ? 

How  is  potassium  obtained  from  its  compounds  ?  What  are 
its  properties  ?  Explain  what  takes  place  when  potassium  acts 
upon  water. 

How  is  potassium  iodide  made  ?  Explain  the  reactions. 
What  takes  place  when  potassium  iodide  is  treated  with  sulphuric 
acid  ?  What  is  potassium  iodide  used  for  ? 

How  is  potassium  hydroxide  formed  ?  What  is  its  common 
name  ?  Explain  the  reaction  which  is  used  in  making  potassium 
hydroxide.  What  are  the  properties  of  the  hydroxide  ?  What 
change  does  it  undergo  when  exposed  to  the  air?  Where  is 
saltpetre  found,  and  under  what  conditions  is  it  formed  ? 

Describe  the  saltpetre  plantations.  How  is  saltpetre  used 
in  making  sulphuric  acid  ?  How  is  it  used  in  making  nitric 
acid? 
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Give  an  account  of  'the  manufacture  of  gunpowder,  and 
explain  its  use  as  an  explosive. 

In  what  forms  is  sodium  found  in  nature  ?  What  are  its 
properties  ?  How  does  it  differ  from  potassium  ? 

What  is  meant  by  saying  that  sodium  is  a  good  reducing 
agent  ?  What  is  sodium  amalgam,  and  for  what  is  it  used  ? 

Where  and  in  what  quantities  is  sodium  chloride  found  ? 

How  is  salt  obtained  from  natural  sources  ? 

What  are  the  properties  of  sodium  chloride? 

What  are  the  chief  uses  of  salt  ? 

What  is  caustic  soda,  and  how  is  it  obtained  ? 

Where  is  sodium  nitrate  found  ?  Why  can  it  not  be  used  in 
making  gunpowder?  How  can  potassium  nitrate  be  made  from  it? 

What  is  the  common  name  of  sodium  sulphate  ?  In  what 
important  manufacturing  process  is  it  obtained?  What  percentage 
of  water  of  crystallisation  does  it  contain  ?  What  change  takes 
place  in  it  when  it  is  left  in  contact  with  the  air  ?  Is  it  de- 
liquescent or  efflorescent  ? 

Of  what  importance  is  sodium  carbonate  ?  From  what 
source  was  it  formerly  obtained  ? 

How  did  Leblanc  come  to  devise  a  method  for  making 
sodium  carbonate? 

Describe  Leblanc's  process. 

Describe  the  Solvay  process. 

What  percentage  of  water  of  crystallisation  does  sodium 
carbonate  contain  ? 

What  relation  does  bicarbonate  of  soda  bear  to  sodium 
carbonate  ?  How  is  it  made  ?  Explain  its  use  in  baking-powders. 

What  is  the  substance  which  is  commonly  called  phosphate 
of  soda  ? 

WThat  is  the  composition  of  borax?  Where  is  it  found  in 
nature  ?  What  change  takes  place  in  borax  when  it  is  heated  ? 
Explain  the  use  of  borax  in  soldering.  What  is  meant  by 
saying  that  borax  is  an  antiseptic  ? 

What  is  water-glass,  and  how  is  it  made  ?  What  is  it  used 
for? 

What  action  takes  place  when  ammonia  is  brought  together 
with  acids  ?  What  are  the  products  when  hydrochloric,  nitric, 
and  sulphuric  acids  are  treated  with  ammonia  ?  Why  are  these 
substances  included  among  the  derivatives  of  the  potassium 
family  ?  What  is  the  difference  between  ammonia  and 
ammonium  ? 
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What  is  sal  ammoniac,  and  how  is  it  chiefly  obtained  ?  Give 
the  equations  expressing  the  reactions  which  take  place  when 
sal  ammoniac  is  treated  with  caustic  soda  and  with  quick -lime. 

How  is  ammonium  sulphide  made,  and  what  is  its  com- 
position ? 

What  relation  exists  between  the  atomic  weights  of  the 
alkali  metals  ? 

What  are  flame  reactions,  and  how  are  they  used  for  the 
purpose  of  detecting  substances  ? 

How  can  potassium  and  sodium  be  detected  when  both  are 
present  ? 

What  is  a  spectrum  ?  How  can  the  spectrum  of  a  light  be 
used  for  telling  what  substances  are  in  the  flame  ? 

What  are  the  principal  parts  of  the  spectroscope  ?  Of  what 
service  has  it  been  to  chemistry  ? 


CHAPTER  XX 

Mention  some  of  the  chief  compounds  of  calcium  found  in 
nature. 

Of  what  interest  is  calcium  chloride  ?     How  is  it  made  ? 

What  is  lime  ?  How  is  it  made  ?  Explain  a  lime-kiln. 
Explain  the  use  of  lime  in  making  the  lime-light.  What  change 
takes  place  when  lime  is  left  exposed  to  the  air  ?  What  change 
takes  place  in  it  when  it  is  treated  with  water  ?  What  is  lime- 
water  ?  What  changes  are  produced  in  lime-water  by  passing 
carbon  dioxide  into  it  ? 

What  is  bleaching-powder,  and  how  is  it  made  ?  Of  what 
value  is  bleaching-powder  ?  Under  what  conditions  does  it  give 
up  its  chlorine  ? 

Mention  some  of  the  principal  varieties  of  calcium  carbonate 
which  are  found  in  nature.  What  are  stalagmites  and  stalactites  ? 

What  is  gypsum  ?     Explain  the  use  of  plaster-of- Paris. 

Explain  the  difference  between  permanent  and  temporary 
hardness  of  water. 

How  can  temporary  hardness  be  remedied  ?  How  can  per- 
manent hardness  be  remedied  ?  Explain  the  action  in  each 
case. 

What  application  is  made  of  gypsum  ? 

What  forms  of  calcium  phosphate  are  found  in  nature  ? 
What  is  meant  by  the  name  normal  calcium  phosphate  ? 
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Of  what  importance  is  calcium  phosphate  to  plants  ?  What 
objection  is  there  to  the  use  of  normal  calcium  phosphate  as  a 
fertiliser  ?  What  is  superphosphate  of  lime,  how  is  it  made, 
and  what  is  it  used  for  ? 

How  is  mortar  made?  Why  do  freshly-plastered  rooms 
remain  moist  so  long  ?  How  can  the  process  of  drying  be 
hastened  ? 

What  is  common  glass  ?  What  is  the  difference  between 
sodium  glass  and  potassium  glass  ?  What  is  flint-glass,  and  for 
what  is  it  used  ? 

How  are  coloured  glasses  made  ? 

Explain  how  barium  dioxide  is  used  for  extracting  oxygen 
from  the  air.  How  is  it  used  in  making  hydrogen  dioxide  ? 

What  flame  reactions  do  calcium  compounds  give  ?  strontium 
compounds?  barium  compounds? 

What  relation  exists  between  the  atomic  weights  of  calcium, 
strontium,  and  barium  ? 


CHAPTER   XXI 

Mention  the  chief  compounds  of  magnesium  which  are  found 
in  nature. 

How  is  magnesium  prepared  ?  What  are  its  most  striking 
properties  ? 

What  is  magnesia?  What  change  does  water  effect  when 
brought  in  contact  with  magnesia  ? 

Mention  the  chief  forms  in  which  zinc  is  found  in  nature. 

How  is  zinc  got  out  of  its  ores  ? 

What  are  the  most  striking  properties  of  zinc  ? 

What  is  galvanised  iron  ?  brass  ?  German  silver  ? 

Explain  what  takes  place  when  zinc  is  heated  to  a  high 
temperature  in  the  air. 

What  is  zinc-white  ?   What  advantage  has  it  over  lead-white  ? 

What  is  white  vitriol  ?  In  what  experiments  which  you  have 
performed  has  it  been  obtained  ?  How  is  it  made  on  the  large 
scale  ?  What  are  the  final  products  of  roasting  zinc  sulphide  ? 

Where  and  in  what  form  does  copper  chiefly  occur  in  nature  ? 
What  is  the  substance  known  as  copper  pyrites  ? 

What  takes  place  when  an  oxide  of  copper  is  heated  with 
charcoal  ?  Explain  the  reaction.  What  are  the  most  striking 
properties  of  copper  ?  What  takes  place  when  it  is  heated  with 
nitric  acid  ?  with  sulphuric  acid  ? 
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Explain  the  process  of  copper-plating. 

What  are  alloys  ?     What  is  brass  ?  bell-metal  ?  bronze  ? 

What  is  the  difference  in  composition  between  cuprous  and 
cupric  compounds  ?  Give  examples. 

What  is  the  composition  of  cuprous  oxide,  and  what  is  the 
name  of  that  variety  of  it  which  occurs  in  nature  ? 

How  is  copper  oxide  made  ?  Explain  what  takes  place  when 
a  solution  of  caustic  soda  is  added  to  a  cold  solution  of  copper 
sulphate  which  is  afterwards  boiled. 

What  is  the  most  common  salt  of  copper  ?  What  effect  does 
heating  produce  upon  the  substance  ? 

In  what  forms  does  mercury  occur  in  nature  ?  How  is  it 
obtained  from  its  chief  compound  ?  Why  are  mercury  ther- 
mometers of  no  value  in  arctic  regions  ? 

What  are  the  alloys  of  mercury  called  ?  Why  are  the  zinc 
plates  in  galvanic  batteries  amalgamated?  How  is  mercuric 
oxide  formed  ?  For  what  has  it  been  used  in  experiments  which 
you  have  performed  ? 

What  is  calomel,  and  how  is  it  obtained  ?   For  what  is  it  used? 

What  is  corrosive  sublimate,  and  how  is  it  manufactured  ? 
What  objection  would  there  be  to  having  a  little  corrosive  sub- 
limate mixed  with  the  calomel  which  is  used  in  medicine  ? 

In  what  forms  does  silver  occur  in  nature  ?  Explain  how 
silver  is  extracted  from  galenite  :  (i)  by  Pattison's  process;  (2) 
by  the  amalgamation  process. 

What  action  do  air  and  water  have  upon  silver  ?  Why  do 
silver  coins,  etc. ,  carried  in  the  pockets  become  dark-coloured  ? 
Why  do  silver  spoons  used  in  eating  eggs  become  tarnished  (see 
page  137)? 

Why  is  not  pure  silver  used  in  making  coins  ?     What  is  used  ? 

How  is  silver-plating  accomplished  ?    How  are  mirrors  made  ? 

How  is  silver  nitrate  made  ?  Why  is  this  salt  used  in  making 
indelible  inks  ?  How  can  stains  made  by  silver  nitrate  be 
removed  ? 

Explain  all  the  chemical  processes  made  use  of  in  Experiment 
1 1 7>  for  the  purpose  of  making  pure  silver  nitrate  from  a  silver 
coin.  What  change  takes  place  in  silver  chloride  when  it  is 
exposed  to  the  light  ?  in  silver  bromide  ?  in  the  iodide  ? 

What  example  have  we  already  had  to  deal  with  which 
showed  that  light  can  produce  chemical  changes  ? 

Explain  in  brief  the  chemical  changes  upon  which  the  art  of 
photography  is  based. 
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Mention  some  of  the  principal  compounds  of  aluminium  which 
occur  in  nature. 

How  is  aluminium  made  ? 

What  are  the  most  important  properties  of  aluminium?  How 
does  its  weight  compare  with  that  of  the  metals  in  common  use? 
What  advantage  does  it  possess  over  iron  ? 

What  are  the  forms  of  aluminium  oxide  found  in  nature  ? 
How  can  the  oxide  be  made  in  the  laboratory  ? 

What  is  ordinary  alum  ?  What  are  the  alums  ?  Give 
examples.  What  relation  do  they  bear  to  sulphuric  acid  ? 

What  uses  are  made  of  alum  ? 

What  is  the  principal  silicate  containing  aluminium  ?  How 
does  the  element  potassium  get  into  the  soil  ?  Where  does  clay 
come  from  ?  Would  you  expect  to  find  loose  soil  mostly  on  the 
tops  of  mountains  or  in  valleys  ?  Why  ?  What  is  kaoline  ? 

What  is  porcelain  ?     Explain  the  process  of  glazing. 

What  is  ultramarine,  and  how  is  it  made  ? 

What  is  aluminium  bronze,  and  how  is  it  made  ? 

Mention  the  chief  compounds  of  iron  which  are  found  in 
nature.  Where  is  iron  found  in  the  uncombined  state  ? 

Explain  the  process  of  extracting  iron  from  its  ores.  What 
is  a  flux  ?  What  is  slag  ? 

What  is  pig-iron  ?  cast-iron  ?  wrought-iron  ?  How  is  cast- 
iron  converted  into  wrought-iron  ?  What  is  steel  ?  How  is 
steel  tempered  ?  How  is  steel  made  ? 

What  are  the  properties  of  pure  iron  ?  Explain  the  change 
which  iron  undergoes  in  moist  air.  What  is  given  off  when 
iron  is  dissolved  in  hydrochloric  acid  ? 

What  is  the  difference  in  composition  between  the  ferrous  and 
ferric  compounds  ?  Give  the  formulas  of  ferrous  and  ferric 
sulphates,  ferrous  and  ferric  oxides.  How  could  we  decide 
whether  the  formula  FeCl2  or  Fe2Cl4  is  the  correct  one  for 
ferrous  chloride  ? 

How  are  ferrous  compounds  converted  into  ferric  compounds  ? 
Why  is  the  change  hastened  by  adding  nitric  acid  ? 

How  is  ferrous  chloride  made  ?  Explain  the  changes  which 
take  place  when  caustic  soda  is  added  to  its  solution,  and  the 
mixture  is  allowed  to  stand  in  contact  with  the  air;  when  the 
solution  is  boiled  and  a  few  drops  of  nitric  acid  added.  How 
can  ferric  chloride  be  converted  into  ferrous  chloride  ? 
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What  is  copperas,  and  what  other  names  has  it  ?  What  is  it 
used  for  ?  What  are  some  of  the  different  kinds  of  ink  ? 

Compare  the  formula  of  iron-alum  with  that  of  ordinary 
alum. 

What  is  the  principal  variety  of  ferric  oxide  ?  What  is 
rouge,  and  how  is  it  made  ?  What  is  the  composition  of  load- 
stone ?  Under  what  circumstances  is  this  oxide  formed  ? 

How  is  ferrous  sulphide  made  ?  For  what  has  it  been  used 
in  experiments  already  performed  ? 

What  is  iron  pyrites  ?  What  changes  take  place  in  it  when 
it  is  heated  in  an  open  vessel  ? 

In  what  forms  is  nickel  found  in  nature  ?  Why  is  nickel  used 
for  plating  other  metals  and  for  making  coins  ? 

In  what  forms  is  cobalt  found  in  nature  ?  What  are  cobalt 
compounds  principally  used  for  ?  What  is  smalt  ?  What  is 
cobalt  ultramarine  ? 

CHAPTER  XXIII 

What  is  the  chief  compound  of  manganese  found  in  nature  ? 
What  other  compounds  with  oxygen  does  manganese  form  ? 

What  is  the  chief  natural  compound  of  chromium  ? 

What  is  potassium  chromate,  and  how  is  it  made  ?  What  is 
potassium  dichromate,  and  how  is  it  made  ?  Explain  the  relation 
which  exists  between  potassium  chromate  and  potassium  dichro- 
mate. How  is  potassium  dichromate  converted  into  potassium 
chromate  ? 

What  takes  place  when  potassium  chromate  or  dichromate  is 
treated  with  hydrochloric  acid  ? 

What  is  chrome-yellow  ?     How  is  it  made  ? 

What  is  chrome-alum?  Explain  its  relation  to  the  other 
alums  which  have  been  mentioned. 

In  what  form  does  the  element  uranium  occur  in  nature  ? 

In  what  form  does  bismuth  occur  in  nature,  and  how  is  it 
obtained  from  its  ores  ? 

What  is  fusible  metal  ? 

What  is  formed  when  bismuth  is  burned  in  the  air  ? 

What  is  the  chief  salt  of  bismuth  ? 


CHAPTER  XXIV 

In  what  compounds  does  lead  occur  in  nature  ? 
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How  is  lead  extracted  from  its  ores  ? 

What  are  the  chief  properties  of  lead  ?  Explain  the  formation 
of  the  "  Arbor  Saturni." 

What  objection  is  there  to  the  use  of  lead  pipes  for  convey- 
ing water  for  drinking  purposes  ?  How  can  lead  be  detected  in 
water?  What  did  you  learn  in  Experiment  125  in  regard  to 
the  action  of  water  on  lead  ? 

What  compounds  does  lead  form  with  oxygen  ?  What  takes 
place  when  lead  is  heated  in  the  air  ? 

What  advantage  is  taken  of  this  fact  in  separating  lead  and 
silver  ? 

What  is  red  lead  ?  What  other  name  has  it  ?  What  change 
does  nitric  acid  effect  in  it  ? 

What  is  lead  peroxide  ?  What  is  formed  when  hydrochloric 
acid  acts  upon  lead  peroxide  ? 

How  could  you  get  the  sulphate,  chloride,  and  chromate  of 
lead? 

W7hat  is  white  lead  ?  Why  does  white  lead  turn  black  and 
zinc-white  not  ? 

In  what  form  does  tin  chiefly  occur  in  nature  ?  How  is  the 
metal  obtained  from  the  ore  ? 

What  is  tin-foil  ?  What  effect  does  air  have  on  tin  at  the 
ordinary  temperatures  ?  What  effect  does  nitric  acid  produce 
on  tin  ? 

What  is  tin-ware  ?  What  danger  is  there  in  the  use  of 
inferior  tin-ware?  What  are  pins  made  of? 

What  is  solder  ?  britannia  ?  bronze  ?  bell  -  metal  ?  Explain 
the  process  of  soldering.  What  objection  is  there  to  the  use 
of  solder  in  closing  tin  cans  containing  things  which  are  to  be 
eaten  ? 

What  is  the  difference  in  composition  between  stannous  and 
stannic  compounds  ? 

What  is  tin  salt?  WThat  is  it  used  for?  What  is  mosaic 
gold? 

In  what  form  does  platinum  occur  in  nature  ?  Where  is  it 
chiefly  found  ?  How  is  it  obtained  from  its  ores  ? 

What  are  the  most  striking  properties  of  platinum  ? 

For  what  purposes  is  platinum  used  ? 

In  what  form  does  gold  occur  in  nature  ? 

How  is  it  usually  exti-acted  from  its  ores  ? 

What  are  its  most  striking  properties  ? 

Why  is  not  pure  gold  used  in  making  gold  ware  and  coins  ? 
S 
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What    is    20 -carat    gold?      What    is    the    composition  of  the 
standard  gold  coin  of  the  United  States  ? 


CHAPTER  XXV 

What  was  the  first  meaning  of  the  name  organic  chemistry  ? 
inorganic  chemistry  ?  What  does  organic  chemistry  mean 
now? 

Mention  some  of  the  principal  forms  in  which  carbon  occurs 
in  nature  ? 

What  takes  place  when  coal  is  distilled  ? 

What  takes  place  when  wood  is  distilled  ? 

What  takes  place  when  bones  are  distilled  ? 

What  is  meant  in  general  by  fermentation  ?  What  is  the 
best  known  example  of  fermentation  ? 

Mention  some  of  the  principal  classes  of  compounds  of 
carbon. 

How  is  methyl  alcohol  formed  ?  What  other  name  has  it  ? 
What  are  its  chief  properties  ? 

How  is  ordinary  alcohol  made  ?  Explain  what  took  place 
in  Experiment  128. 

What  change  takes  place  in  sugar  when  it  undergoes  ferment- 
ation ?  What  causes  the  change  in  the  sugar  ?  Why  do  fruit- 
juices  lose  their  sweetness  when  exposed  to  the  air  ? 

Mention  some  other  kinds  of  fermentation  besides  alcoholic 
fermentation. 

How  is  alcohol  obtained  from  fermented  liquids  ?  What  is 
fusel-oil? 

What  are  the  chief  properties  of  ethyl  alcohol  ? 

What  are  the  chief  uses  of  alcohol  ? 

What  is  glycerine  ?  How  is  it  obtained  ?  \Vhat  are  its 
chief  properties  ? 

What  is  formic  acid,  and  where  is  it  found  in  nature  ?  What 
are  its  chief  properties  ? 

What  is  acetic  acid  ?  What  is  "  mother  of  vinegar  "  ?  How 
is  acetic  acid  made?  Whence  come  the  names  pyroligneous 
acid  and  wood-vinegar  ? 

What  are  the  chief  properties  of  acetic  acid  ?  For  what 
purposes  is  it  used  ?  What  are  the  principal  salts  of  acetic 
acid? 

What  are  the  fatty  acids  ?     Mention  some  of  the  principal 
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fatty  acids.      What  is  such  a  series  as  that  of  the  fatty  acids 
called  ? 

Of  what  interest  is  butyric  acid  ?  palmitic  acid  ?  stearic  acid  ? 

What  are  soaps  ?  How  are  they  made  ?  How  does  soap 
act  in  washing  ? 

What  happens  when  soap  is  added  to  a  hard  water  ?  Why 
do  the  hands  feel  sticky  when  we  attempt  to  wash  them  in  hard 
water  ? 

What  connection  is  there  between  soap  and  civilisation  ? 
How  is  soft-soap  made  ?  What  connection  is  there  between  the 
manufacture  of  sulphuric  acid  and  sodium  carbonate  and  that  of 
soap  ?  What  is  the  composition  of  oxalic  acid  ?  Where  and 
in  what  form  is  it  found  in  nature  ?  How  is  it  manufactured  ? 
For  what  is  it  used  ?  What  is  the  composition  of  lactic  acid  ? 
I  low  is  it  formed? 

Where  is  malic  acid  found  in  nature  ?  Where  is  tartaric  acid 
found  in  nature  ? 

What  is  "cream  of  tartar,"  and  under  what  circumstances  is 
it  formed  ? 

Where  is  citric  acid  found  in  nature  ?  How  is  it  pre- 
pared ? 

What  is  ordinary  ether  ?     How  is  it  made  ? 

What  is  meant  by  the  word  anaesthetic  ? 

What  is  the  action  of  an  alcohol  upon  an  acid  ?  What  is 
the  product  called  ?  What  class  of  substances  do  the  alcohols 
act  like  ?  Compare  the  action  of  nitric  acid  upon  alcohol  and 
upon  caustic  potash. 

What  is  meant  by  saponification  ? 

What  are  fats?  Explain  what  takes  place  when  fats  are 
treated  with  an  alkali. 

What  does  butter  consist  of?  oleo-margarine  ? 

What  connection  is  there  between  the  flavours  of  fruits  and 
ethereal  salts? 

What  is  nitro-glycerine  ?  To  what  class  of  substances  does  it 
belong  ?  What  is  dynamite  ?  What  relations  exist  between 
the  hydrocarbons  of  the  marsh-gas  series  and  the  simplest 
alcohols  and  acids  ? 

What  is  an  alcohol  ? 

What  similarity  is  there  between  aluminium  hydroxide  and 
glycerine  ? 

What  is  meant  by  the  expression  radical  or  residue  ? 

What  common  acid  are  the  organic  acids  related  to  ? 
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What  are  the  carbohydrates  ? 

Where  is  dextrose  found  ?     What  other  names  has  it  ? 

How  is  dextrose  formed  ?  What  relation  exists  between  it 
and  cane-sugar  ?  between  it  and  starch  ? 

Describe  the  process  used  in  the  manufacture  of  glucose. 

What  are  the  chief  properties  of  glucose?  How  does  it 
differ  from  cane-sugar?  How  can  alcohol  be  obtained  from  it? 
How  lactic  acid  ? 

What  is  levulose?  What  relation  exists  between  it  and 
cane-sugar  ? 

Where  is  cane-sugar  found  in  nature  ? 

Describe  the  process  of  sugar-refining. 

What  is  molasses  ?  What  are  the  chief  properties  of  sugar  ? 
What  is  caramel  ?  invert-sugar  ?  What  is  the  action  of  yeast 
upon  cane-sugar  ?  What  is  sugar  of  milk  ?  What  are  the  con- 
stituents of  cow's  milk  ?  How  is  cheese  made  ?  What  is  it  ? 
How  is  sugar  of  milk  obtained  from  milk  ?  What  does  the 
process  of  souring  of  milk  consist  in  ? 

Of  what  importance  is  cellulose  in  the  vegetable  kingdom  ? 
What  takes  place  when  cellulose  is  treated  with  concentrated 
sulphuric  acid  and  boiled  ?  What  is  gun-cotton  ?  collodion  ? 
What  is  collodion  used  for  ?  What  is  celluloid  ?  What  is 
paper  ?  Describe  the  process  of  paper  making. 

In  what  forms  is  starch  found  in  nature  ?  Describe  the 
manufacture  of  starch.  What  is  starch-paste?  What  change 
is  effected  in  starch  by  dilute  acids  and  ferments  ? 

What  are  the  chief  constituents  of  flour  ? 

What  causes  bread  to  rise  ? 

What  is  meant  by  the  name  "aromatic  compounds"? 

What  is  nitro-benzene,  and  how  is  it  made  ? 

How  is  aniline  made  ?  What  is  magenta  ?  What  are  the 
aniline  dyes  ? 

What  is  carbolic  acid  ? 

What  is  the  oil  of  bitter  almonds  ?  .Where  is  it  found  in 
nature  ?  What  is  it  used  for  ? 

What  is  the  source  of  benzoic  acid  ?  What  are  balsams  ? 
Give  some  examples. 

Where  is  gallic  acid  found?     How  is  it  prepared? 

Where  does  tannic  acid  occur?     For  what  is  it  used  ? 
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What  does  the  process  of  tanning  consist  in  ?  In  what  form 
and  where  does  indigo  occur  in  nature  ? 

What  is  naphthalene  ?  anthracene  ?  What  is  the  chief  use 
of  anthracene  ? 

What  is  alizarine  ?     How  is  it  made  ? 

What  are  the  glucosides?  What  examples  have  already 
been  mentioned  ?  Of  what  importance  is  myronic  acid  ? 

What  are  the  alkaloids  ?  What  simple  inorganic  compound 
do  they  resemble  ?  What  is  the  source  of  quinine  ?  cocaine  ? 
nicotine  ?  morphine  and  narcotine  ? 
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boric,  152 

bromic,  129 
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carbolic,  226 

carbonic,  114 

chloric,  86 

chlorous,  86 

chromic,  197 
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hydriodic,  131 

hydrobromic,  130 

hydrochloric,  81 
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malic,  215 

metaphosphoric,  149 

myronic,  229 

nitric,  69 

nitrous,  67 
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orthophosphoric,  149 

oxalic,  215 

palmitic,  213 

perchloric,  86 

phosphoric,  149 

propipnic,  222 

prussic,  120 

pyroligneous,  212 

silicic,  153 

stearic,  213 

sulphuric,  141 

sulphurous,  141 

tannic,  228 

tartaric,  215 

tetraboric,  152 


Acids,  88,  91,  211,  219 
characteristics,  91 
dibasic,  144 
fatty,  212 
monobasic,  1^4 
names  of,  92 
tribasic,  149 

Acid-forming  elements,  120 
Agate,  154 
Air,  16,  112 
Alcohol,  ethyl,  209 

methyl,  209 
Alcohols,  209,  218 
Alizarine,  229 
Alkalies,  88 
Alkaloids,  229 
Allotropism,  101 
Alloys,  181 
Allylene,  107 
Alum,  189 
Aluminium,  188 

bronze,  190 

hydroxide,  189 

oxide,  189 

silicates,  189 
Alums,  189 

Amalgamation  process,  184 
Amalgams,  183 
Amethyst,  154 
Amygdaline,  227 
Ammonia,  67 

formation,  66 

in  air,  20 

in  gas  liquor,  67 
Ammonium,  167 

chloride,  168 

salts,  167 

sulphide,  168 
Amorphous  carbon,  96 
Analysis,  139 
Aniline,  226 

dyes,  226 
Anthracene,  228 
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Anthracite  coal,  99 

Calamine,  179 

Antimony,  151 

Calcium,  171 

Apatite,  147 

carbonate,  115,  173 

Aqua  regia,  73 
Aromatic  compounds,  226 

chloride,  171 
fluoride,  171 

Arsenic,  149 

hydroxide,  172 

oxide,  151 

hypochlorite,  173 

Arsine,  149 

oxide,  171 

Asbestos,  178 

phosphate,  175 

Atomic  theory,  122 

sulphate,  173 

weights,  122 

Calcspar,  126 

determination  of,  123 

Calomel,  183 

Atoms,  122 

Cane-sugar,  221 

Avogadro's  law,  123 

Caramel,  222 

Carbohydrates,  220 

BAKING-POWDERS,  166 

Carbolic  acid,  226 

Balsams,  227 

Carbon,  95 

Barium,  176 
dioxide,  176 

amorphous,  96 
as  food  for  plants,  113 

oxide,  176 
sulphate,  134 

compounds,  105 
dioxide,  109,  113 

Bases,  88,  91 

disulphide,  151 

names  of,  92 

in  the  air,  114 

Bell  metal,  181 

monoxide,  115 

Benzene,  107 

Carbonates,  114 

Benzine,  106 

Carbonic  acid,  114 

Benzoic  aldehyde,  227 

Carnelian,  154 

Bessemer  process,  193 
Bicarbonate  of  soda,  166 

Casein,  223 
Cast-iron,  192 

Bismuth,  199 

Celluloid,  224 

nitrate,  199 

Cellulose,  223 

oxide,  199 

Cementation,  192 

Bituminous  coal,  99 

Chalk,  173 

Blast  furnace,  191 

Charcoal,  97 

Bleaching,  80 

animal,  98 

powder,  86,  173 

filters,  98 

Blow-pipe,  compound,  58 

reduction  by,  104 

oxyhydrogen,  58 
Bone-black,  98 

wood,  08 
Chemical  changes,  i 

niters,  98 

energy,  29 

Bone  oil,  208 

work,  29 

Borax,  152,  166 

Chemistry,  2 

Boron,  152 

Chloride  of  lime,  86,  173 

crystallised,  152 

Chlorine,  77 

oxide,  152 

Chlorine  acids,  86,  87 

Brass,  179,  181 
Bread-making,  225 
Breathing,  26,  112 

bleaching  by,  80 
comparison    with    bromine    and 
iodine,  132 

Britannia,  203 

oxides,  87 

Bromine,  128 

Choke-damp,  113 

Bronze,  181 

Chromates,  197 

Burning  in  air,  17,  28 

Chrome  alum,  198 

in  oxygen,  27 

yellow,  198 

Butane,  106 

Chromic  iron,  197 

Butylene,  107 

Chromium,  197 

Cinnabar,  182 

CADMIUM,  178 

Clay,  153,  188,  190 

Cajsium,  170 

Coal,  99 
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Coal-tar,  108,  109,  208 

FATS,  217 

Cobalt,  196 

Feldspar,  159,  190 

Cocaine,  230 

Fermentation,  208,  210 

Coke,  98 

Ferric  chloride,  193 

Collodion,  224 
Combination,  chemical,  n 

oxide.  195 
Ferrous  chloride,  194 

Combining  weights,  33 

hydroxide,  194 

Combustion,  28 

oxide,  193 

Compounds,  chemical,  9 

sulphate,  195 

Copper,  1  80 

Fire-damp,  107 

alloys,  181 

Flame,  119 

chlorides,  181 

Flame  reactions,  168 

oxides,  182 

Flour,  225 

plating,  181 

Fluorine,  131 

pyrites,  134,  180 

Fluor-spar,  131,  171 

sulphate,  182 

Flux,  192 

Corrosive  sublimate,  183 

Fruit-sugar,  221 

Corundum,  189 

Fusel-oil,  210 

Cream  of  tartar,  166 

Cryolite,  131 

GALENITE,  134,  200 

Cupellation,  184 

Gallium,  170 

Cupric  compounds,  182 
Cuprous  compounds,  182 

Galvanised  iron,  179 
Gas,  olefiant,  108 

Cyanogen,  119 

illuminating,  108 

Gasoline,  106 

DEACON'S  PROCESS,  78 
Decomposition,  n 
Definite  proportions,  law  of,  31 
Deliquescent  substances,  42 
Dextrose,  220 
Diamond,  96,  100 
Disinfection,  81 

German  silver,  179 
Glass,  175 
Glauber's  salt,  164 
Glucose,  220 
Glucosides,  227,  229 
Gluten,  225 
Glycerine,  211 

Distillation,  61 

Gold,  205 
r^         •*         oo 

destructive,  66,  95,  208 
of  bones,  208 
of  coal,  100,  208 
of  wood,  208 
Dolomite,  178 
Dynamite,  218 

Granite,  188 
Grape-sugar,  220 
Graphite,  96,  100 
Gun-cotton,  224 
Gunpowder,  162 
Gypsum,  134,  174 

HARD  WATER,  115 

EARTHENWARE,  190 
Efflorescent  substances,  42 

Heat  and  chemical  change,  3,  29 
Hematite,  191,  195 

Elements,  9,  10 

Heptane,  106 

classification,  126 

Hexane,  106 

names,  14 

Homologous  series,  106 

symbols,  14 
Emery,  189 

Homology,  106 
Hydrocarbons,  105 

Epsom  salt,  178 
Essence  of  apples,  217 

Hydrogen,  45 
dioxide,  65 

pineapples,  217 

preparation,  45 

Etching,  132 

properties,  48,  49 

Ethane,  106 

sulphide,  137 

Ether,  216 

Hypothesis,  121 

Ethereal  salts,  216 

Ethers,  216 

ILLUMINATION,  117 

Ethylene,  107,  108 

Incense,  227 

Eudiometer,  55 

Indigo,  228 
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Indium,  170 

Mercurous  chloride,  183 

Inks,  195 

Mercury,  182 

Iodine,  130 

chlorides,  183 

Iridium,  204 

oxide,  183 

Iron,  190 

sulphide,  183 

alum,  195 
carbonate,  191 

Metallic  properties,  156 
Metals,  classification,  155 

cast,  192 

Metathesis,  n 

chlorides,  193 

Methane,  106,  107 

compounds,  193 

Mica,  188 

oxides,  193 

Minium,  202 

pig,  192 

Mixture,  mechanical,  9 

pyrites,  134,  191,  196 

Molasses,  222 

wrought,  192 

Molecular  formulas,  123 

weights,  123 

KAOLINE,  190 

Molecules,  123 

Kelp,  130 

Morphine,  230 

Kerosene,  106 

Mortar,  175 

Kindling  temperature,  29 

Mosaic  gold,  204 

Multiple  proportions,  35 

LACTOSE,  222 

Lamp-black,  98 
Lapis  lazuli,  190 
Lead,  200 

NAPHTHA,  106 
Naphthalene,  228 
Narcotine,  230 

acetate,  212 

Neutralisation,  88 

carbonate,  202 

Nickel,  196 

chromate,  198,  202 

Nicotine,  230 

oxide,  201  < 

Nitrates,  73 

red  oxide,  201 

Nitric  acid,  67,  69 

sulphate,  134 

oxide,  74,  75 

sulphide,  200 

Nitrobenzene,  226 

white,  202 

Nitro-cellulose,  224 

Leblanc's  method,  165 

Nitrogen,  37 

Levulose,  221 

family,  147 

Lignite,  99 

in  air,  20,  39 

Lime,  172 

oxides,  73 

light,  58 

pentoxide,  74 

Limestone,  172 

peroxide,  74,  76 

Litharge,  202 

trioxide,  74 

Lithium,  168 

Nitroglycerine,  217 

Nitrous  acid,  67 

MAGENTA,  226 

oxide,  74 

Magnesia,  178 

Nomenclature  acids,  92 

Magnesite,  178 

bases,  92 

Magnesium,  178 

salts,  93 

carbonate,  178 

chloride,  178 
oxide,  178 

OCTANE,  106 
Oil  of  bitter  almonds,  227 

sulphate,  178 

Oleo-margarine,  217 

Magnetite,  191 

Opium,  230 

Manganese,  197 

Organic  chemistry,  207 

dioxide,  197 

Osmium,  204 

oxides,  197 

Oxides,  30 

Marble,  173 

Oxygen,  21 

Marsh-gas,  107,  108 

preparation,  21 

Meerschaum,  178 

properties,  24 

Mercuric  chloride,  183 
Mercuric  oxide,  183 

Oxyhydrogen  blow-pipe,  58 
Ozone,  64 
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Ozone  in  air,  64 

Salts,  acid,  145 

relation  to  oxygen,  64 

neutral,  145 

nomenclature,  93 

PALLADIUM,  204 

normal,  145 

Paper,  224 
Paraffin,  106 

Sand,  153 
Saponification,  zi6 

Pattison's  process,  184 

Sapphire,  189 

Pentane,  106 

Serpentine,  178 

Petroleum,  105 

Selenium,  146 

Phenol,  226 

Siderite,  191 

Phosphorite,  147 
Phosphorus,  147 

Silica,  153 
bmcates,  152 

oxide,  149 

Silicon,  152 

red,  148 

oxide,  153 

Photography,  186 
Physical  changes,  2 

Silver,  183 
bromide,  186 

Pig-iron,  192 

chloride,  186 

Pitchblende,  199 

iodide,  186 

Plants  the  food  of  animals,  113 

nitrate,  185 

Plaster  of  Paris,  174 

plating,  185 

Platinum,  204 
chloride,  205 

Slag,  192 
Slaking,  172 

Plumbago,  96 

Slow  oxidation,  26 

Porcelain,  190 

Soaps,  213 

Potash,  159 

Soapstone,  178 

Potassium,  159 

Soda,  165 

chlorate,  85,  162 

water,  112 

chloride,  85 

Sodium,  163 

chromate,  197 

borate,  166 

dichromate,  197 

carbonate,  165 

ferrocyanide,  120 

chloride,  163 

hydroxide,  161 
hypochlorite,  86 

hydroxide,  164 
hyposulphite,  187 

iodide,  160 

nitrate,  164 

nitrate,  161 

phosphate,  166 

Propane,  106 

sulphate,  164 

Propylene,  107 

Solder,  203 

Puddling,  192 
Pyroxyline,  224 

Soldering,  167,  203 
Solution,  7 

Solvay  method,  166 

QUARTZ,  153 
Quartzite,  153 

Spectroscope,  169 
Spirits  of  wine,  209 

Quinine,  229 

Stalactites,  173 

RADICALS,  219 
Reduction,  57 

Stalagmites,  173 
Stannic  compounds,  204 
Stannic  chloride,  204 

Resins,  227 
Rochelle  salt,  166 
Rouge,  195 

Stannic  sulphide,  204 
Stannous  compounds,  204 
Stannous  chloride,  204 

Rubidium,  170 

Starch,  224 

Ruby,  189 

Stearine,  213 

Ruby  copper,  180,  182 

Steel,  192 

Rust,  i,  193 

Stibine,  152 

Strontium,  176 

SAFETY-LAMP,  118 

Sugar  of  lead,  212 

Safety  matches,  148 

milk,  222 

Saltpetre,  161 

Sugar-refining,  221 

Salts,  91 

Sulphites,  3.41 
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Sulphur,  134 
dimorphism  of,  136 
dioxide,  139 

VALENCE,  124 
Verdigris,  212 
Vitriol,  blue,  182 

trioxide,  139 

green,  195 

Sulphuretted  hydrogen,  137 

white,  180 

Sun,  114 

Superphosphate  of  lime,  175 

WATER,  41,  115 

Symbols,  33,  34,  35 

analysis,  44 

as  a  solvent,  62 

TANNIN,  228 

hard,  115,  174,  213 

Tanning,  228 
Tellurium,  146 

maximum  density,  59 
of  crystallisation,  41 

Tempering,  192 
Thallium,  170 

synthesis  of,  54,  56 
uses  in  chemistry,  62 

Theory,  121 

Water-gas,  46,  116 

Tin,  202 

Water-glass,  167 

dichloride,  204 
oxide,  203 
salt,  204 

Weights,  combining,  33 
Weldon's  process,  78 
Wood-spirit,  209 

sulphide,  204 
tetrachloride,  204 

Wood-vinegar,  212 
Wrought-iron,  192 

Tin-stone,  203 

Toluene,  107 

XYLENE,  107 

Turkey-red,  229 

ULTRAMARINE,  190 

ZINC,  179 
blende,  179 

Uranium,  198 

oxide,  179 

sulphate,  180 
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CLASSICS. 

ELEMENTARY    CLASSICS. 

'l8mo,  Eighteenpence  each. 

THIS  SERIES  FALLS  INTO  TWO  CLASSES — 

(1)  First   Reading   Books    for    Beginners,  provided    not 
only    with     Introductions     and     Notes,     but     with 
Vocabularies,   and    in    some    cases    with    Exercises 
based  upon  the  Text. 

(2)  Stepping-stones  to  the  study  of  particular   authors, 
intended  for  more  advanced  students  who  are  beginning 
to  read  such  authors  as  Terence,  Plato,  the  Attic  Dramatists, 
and    the    harder    parts    of    Cicero,    Horace,    Virgil,    and 
Thucydides. 

These  are  provided  with  Introductions  and  Notes,  but 
no  Vocabulary.  The  Publishers  have  been  led  to  pro- 
vide the  more  strictly  Elementary  Books  with  Vocabularies 
by  the  representations  of  many  teachers,  who  hold  that  be- 
ginners do  not  understand  the  use  of  a  Dictionary,  and  of 
others  who,  in  the  case  of  middle-class  schools  where  the 
cost  of  books  is  a  serious  consideration,  advocate  the 
Vocabulary  system  on  grounds  of  economy.  It  is  hoped 
that  the  two  parts  of  the  Series,  fitting  into  one  another, 
may  together  fulfil  all  the  requirements  of  Elementary  and 
Preparatory  Schools,  and  the  Lower  Forms  of  Public 
Schools. 

b  a 


MACMILLAN'S  EDUCATIONAL  CATALOGUE. 


The  following  Elementary  Books,  with  Introductions, 
Notes,  and  Vocabularies,  and  in  some  cases  with 
Exercises,  are  either  ready  or  in  preparation: — 

Aeschylus. — PROMETHEUS  VINCTUS.  Edited  by  Rev.  H. 
M.  STEPHENSON,  M.A. 

Arrian. — THE  EXPEDITION  OF  ALEXANDER.  Selections 
adapted  for  the  use  of  Beginners,  and  edited,  with  Introduction, 
Notes,  Vocabulary,  and  Exercises,  by  JOHN  BOND,  M.A.,  and 
A.  S.  WALPOLE,  M.A.  [In preparation. 

Csesar — THE  GALLIC  WAR.    BOOK  i.    Edited  by  A.  s. 

WALPOLE,  M.A. 
THE  INVASION  OF  BRITAIN.     Being  Selections  from  Books 

IV.  and  V.  of  the  "De  Bello  Gallico."     Adapted  for  the  use  of 

Beginners.      With    Notes,    Vocabulary,    and    Exercises,   by    W. 

WELCH,  M.A.,  and  C.  G.  DUFFIELD,  M.A. 
THE  HELVETIAN  WAR.     Being  Selections  from  Book  I.tof  the 

"  De  Bello  Gallico."    Adapted  for  the  use  of  Beginners.     With 

Notes,  Exercises,  and  Vocabulary,  by  W.  WELCH,   M.A.,  and 

C.  G.  DUFFIELD,  M.A.  [In  the  press. 

THE   GALLIC    WAR.      BOOKS   II.   AND  III.     Edited  by  the 

Rev.  W.  G.  RUTHERFORD,  M.A.,  LL.D.,  Head-Master  of  West- 
.    minster  School. 
THE  GALLIC  WAR.    BOOK  IV.    Edited  by  CLEMENT  BRYANS, 

M.A.,  Assistant-Master  at  Dulwich  College. 
THE  GALLIC  WAR.     SCENES  FROM  BOOKS  V.  AND  VI. 

Edited  by   C.    COLBECK,  M.A.,  Assistant-Master  at   Harrow; 

formerly  Fellow  of  Trinity  College,  Cambridge. 
THE  GALLIC  WAR.      BOOKS  V.  AND  VI.  (separately).      By 

the  same  Editof.     Book  V.  ready.     Book  VI.  in  preparation. 
THE  GALLIC  WAR.      BOOK  VII.      Edited  by  JOHN  BOND, 

M.A.,  and  A.  S.  WALPOLE,  M.A.  \In  the  press. 

Cicero. — DE   SENECTUTE.    Edited  by  E.  S.    S.HUCKBURGH, 

M.A.,  late  Fellow  of  Emmanuel  College,  Cambridge. 
DE  AMICITIA.     By  the  same  Editor. 
STORIES   OF   ROMAN  HISTORY.      Adapted  for  the  Use  of 

Beginners.     With  Notes,  Vocabulary,  and  Exercises,  by  the  Rev. 

G.  E.  JEANS,    M.A.,  Fellow  of  Hertford  College,  Oxford,  and 

A.  V.  JONES,  M.A.,  Assistant-Masters  at  Haileybury  College. 
EutroplUS. — Adapted  for  the  Use  of  Beginners.     With   Notes, 

Vocabulary,  and  Exercises,  by  WILLIAM  WELCH,  M.A.,  and  C. 

G.  DUFFIELD,  M.A.,  Assistant-Masters  at  Surrey  County  School, 

Cranleigh. 
Homer. — ILIAD.    BOOK  I.  Edited  by  Rev.  JOHN  BOND,  M.A., 

and  A.  S.  WALPOLE,  M.A. 


ELEMENTARY  CLASSICS. 


Homer ILIAD.  BOOKXVIII.  THE  ARMS  OF  ACHILLES. 

Edited  by  S.  R.  JAMES,  M.A.,  Assistant-Master  at  Eton  College. 
ODYSSEY.     BOOK  I.     Edited  by  Rev.  JOHN  BOND,  M.A.    and 

A.  S.  WALPOLE,  M.A. 
Horace. — ODES.  BOOKS  I.— IV.    Edited  by  T.  E.  PAGE,  M.  A., 

late  Fellow  of  St.  John's  College,  CaniDridge  ;  Assistant-Master 

at  the  Charterhouse.     Each  is.  6d. 
Livy. — BOOK  I.      Edited  by  H.  M.  STEPHENSON,  M.A.,  Head 

Master  of  St.  Peter's  School,  York. 
THE  HANNIBALIAN   WAR.      Being  part  of  the  XXI.  AND 

XXII.   BOOKS   OF  LIVY,   adapted  for  the  use  of  beginners, 

by  G.  C.  MACAULAY,  M.A.,  Assistant-Master  at  Rugby  ;  formerly 

Fellow  of  Trinity  College,  Cambridge. 
THE  SIEGE  OF  SYRACUSE.     Being  part  of  the  XXIV.  AND 

XXV.   BOOKS   OF   LIVY,  adapted  for   the  use  of  beginners. 

With  Notes,  Vocabulary,  and  Exercises,  by  GEORGE  RICHARDS, 

M.A.,  and  A.  S.  WALPOLE,  M.A. 
Lucian. — EXTRACTS   FROM  LUCIAN.     Edited,  with  Notes, 

Exercises,  and  Vocabulary,  by  Rev.    JOHN    BOND,    M.A.,    and 

A.  S.  WALPOLE,  M.A. 
NepOS.— SELECTIONS  ILLUSTRATIVE  OF  GREEK  AND 

ROMAN  HISTORY.      Edited   for   the    use  of  beginners  with 

Notes,  Vocabulary  and  Exercises,  by  G.  S.  FARNELL,  M.A. 
Ovid. — SELECTIONS.     Edited  by  E.  S.  SHUCKBURGH,  M.A. 

late  Fellow  and  Assistant-Tutor  of  Emmanuel  College,  Cambridge. 
EASY  SELECTIONS  FROM  OVID  IN  ELEGIAC  VERSE. 

Arranged  for  the  use  of  Beginners  with  Notes,  Vocabulary,   and 

Exercises,  by  HERBERT  H.  WILKINSON,  M.A. 
STORIES  FROM  THE  METAMORPHOSES.     Arranged  for  the 

Use  of  Beginners.    With  Notes,  Exercises,  and  Vocabularies.     By 

J.  BOND,  M.A.,  and  A.  S.  WALPOLE,  M.A.  {In preparation. 

PhsedruS.— SELECT  FABLES.     Adapted  for  the  Use  of   Be- 
ginners.     With   Notes,    Exercises,    and  Vocabularies,  by  A.    S. 

WALPOLE,  M.A. 

Thucydides.— THE  RISE  OF  THE  ATHENIAN  EMPIRE- 

BOOK    I.     cc.    LXXXIX.  —  CXVII.     AND    CXXVIII.  — 

CXXXVIII.   Edited  with  Notes,  Vocabulary  and  Exercises,  by  F. 

H.  COLSON,  M.A.,  Senior  Classical  Master  at  Bradford  Grammar 

School ;  Fellow  of  St.  John's  College,  Cambridge. 

Virgil. — ^ENEID.     BOOK  I.     Edited  by  A.  S.  WALPOLE,  M.A. 

^ENEID.    BOOK  V.    Edited  by  Rev.    A.   CALVERT,  M.A.,  late 

Fellow  of  St.  John's  College,  Cambridge. 
GEORGICS.     BOOK  I.     Edited  by  C.  BRYANS,  M.A. 

[/«  preparation. 
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Virgil.— SELECTIONS.     Edited  by  E.  S.  SHUCKBURGH,  M.A. 

Xenophon. — ANABASIS.      BOOK    I.       Edited     by    A.     S. 

WALPOLE,  M.A. 

SELECTIONS  FROM  THE  CYROP^DIA.  Edited,  with 
Notes,  Vocabulary,  and  Exercises,  by  A.  H.  COOKE,  M.A.,  Fellow 
and  Lecturer  of  King's  College,  Cambridge. 

The  following  more  advanced  Books,  with  Introductions 
and  Notes,  but  no  Vocabulary,  are  either  ready,  or  in 
preparation: — 

Cicero. — SELECT  LETTERS.    Edited  by  Rev.  G.  E.  JEANS, 

M.A.,  Fellow  of  Hertford  College,  Oxford,  and  Assistant-Master 
at  Haileybury  College. 

Euripides.— HECUBA.  Edited  by  Rev.  JOHN  BOND,  MA. 
and  A.  S.  WALPOLE,  M.A. 

Herodotus.— SELECTIONS  FROM  BOOKS  VI.  AND  VII., 
THE  EXPEDITION  OF  XERXES.  Edited  by  A.  H.  COOKE, 
M.  A.,  Fellow  and  Lecturer  of  Pving's  College,  Cambridge. 

Horace.  —  SELECTIONS  FROM  THE  SATIRES  AND 
EPISTLES.  Edited  by  Rev.  W.  J.  V.  BAKER,  M.  A.,  Fellow  of 
St.  John's  College,  Cambridge  ;  Assistant-Master  in  Marlborough 
College. 

SELECT  EPODES  AND  ARS  POETICA.  Edited  by  H.  A. 
DALTON,  M.  A.,  formerly  Senior  Student  of  Christchurch  ;  Assistant  - 
Master  in  Winchester  College. 

Plato.— EUTHYPHRO  AND  MENEXENUS.  Edited  by  C.  E. 
GRAVES,  M.A.,  Classical  Lecturer  and  late  Fellow  of  St.  John's 
College,  Cambridge. 

Terence. — SCENES  FROM  THE  ANDRIA.  Edited  by  F.  W. 
CORNISH,  M.  A.,  Assistant- Master  at  Eton  College. 

The  Greek  Elegiac  Poets.—  FROM  CALLINUS  TO 
CALLIMACHUb.  Selected  and  Edited  by  Rev.  HERBERT 
KYNASTON,  D.D.,  Principal  of  Cheltenham  College,  and  formerly 
Fellow  of  St.  John's  College,  Cambridge. 

Thucydides.— BOOK  IV.  CHS.  L— XLI.  THE  CAPTURE 
OF  SPHACTERIA.  Edited  by  C.  E.  GRAVES,  M.A. 

Virgil.— GEORGICS.  BOOK  II.  Edited  by  Rev.  J.  H.  SKRINE, 
M.A.,  late  Fellow  of  Merton  College,  Oxford;  Assistant-Master 
at  Uppingham. 

%*  Other  Volumes  to  follow. 


CLASSICAL  SERIES. 


CLASSICAL    SERIES 
FOR    COLLEGES    AND    SCHOOLS. 

Fcap.  8vo. 

Being  select  portions  of  Greek  and  Latin  authors,  edited 
with  Introductions  and  Notes,  for  the  use  of  Middle  and 
Upper  forms  of  Schools,  or  of  candidates  for  Public 
Examinations  at  the  Universities  and  elsewhere. 


.  —  IN    CTESIPHONTEM.       Edited    by    Rev.    T. 
GWATKIN,  M.A.,  late  Fellow  of  St.  John's  College,  Cambridge. 

[/«  t  heiress. 


,  —  PERS^E.     Edited  by  A.    O.    PRICKARD,    M.A. 
Fellow  and  Tutor  of  New  College,  Oxford.     With  Map.     $s.  6d. 

Andocides.  —  DE  MYSTERIIS.  Edited  by  w.  j.  HICKIE,  M.A., 

formerly  Assistant  Master  in  Denstone  College.     2s.  6d. 


.  —  THE    GALLIC    WAR.     Edited,  after  Kraner,  by  Rev. 
JOHN  BOND,  M.A.,  and  A.  S.  WALPOLE,  M.A.    With  Maps.  6s. 

Catullus,—  SELECT  POEMS.  Edited  by  F.  P.  SIMPSON,  B.A., 
late  Scholar  of  Balliol  College,  Oxford.  New  and  Revised 
Edition.  $s.  The  Text  of  this  Edition  is  carefully  adapted  to 
School  use. 

Cicero.  —  THE  CATILINE  ORATIONS.  From  the  German 
of  KARL  HALM.  Edited,  with  Additions,  by  A.  S.  WILKINS, 
M.A.,  LL.D.,  Professor  of  Latin  at  the  Owens  College,  Manchester, 
Examiner  of  Classics  to  the  University  of  London.  New  Edition. 
35.  6d. 

PRO  LEGE  MANILIA.  Edited,  after  HALM,  by  Professor  A.  S. 
WILKINS,  M.A.,  LL.D.  2s.  6d. 

THE  SECOND  PHILIPPIC  ORATION.  From  the  German 
of  KARL  HALM.  Edited,  with  Corrections  and  Addition.-, 
by  JOHN  E.  B.  MAYOR,  Professor  of  Latin  in  the  University  of 
Cambridge,  and  Fellow  of  St.  John's  College.  New  Edition, 
revised.  5-r. 

PRO  ROSCIO  AMERINO.  Edited,  after  HALM,  by  E.  H.  DON- 
KIN,  M.A.,  late  Scholar  of  Lincoln  College,  Oxford  ;  Assistant- 
Master  at  Sherborne  School.  4-r.  6d. 

PRO  P.  SESTIO.  Edited  by  Rev.  H.  A.  HOLDEN,  M.A.,  LL.D., 
late  Fellow  of  Trinity  College,  Cambridge;  and  late  Classical 
Examiner  to  the  University  of  London.  5*. 
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Demosthenes. — DE  CORONA.  Edited  by  B.  DRAKE,  M.A., 
late  Fellow  of  King's  College,  Cambridge.  New  and  revised 
Edition.  4*.  6d. 

ADVERSUS  LEPTINEM.  Edited  by  Rev.  J.  R.  KING,  M.A., 
Fellow  and  Tutor  of  Oriel  College,  Oxford.  4^.  6d. 

THE  FIRST  PHILIPPIC.  Edited,  after  C.  REHDANTZ,  by  Rev. 
T.  GWATKIN,  M.A.,  late  Fellow  of  St.  John's  College,  Cambridge. 
zs.  6d. 

IN  MIDIAM.  Edited  by  Prof.  A.  S.  WILKINS,  LL.D.,  and 
HERMAN  HAGER,  Ph.D.,  of  the  Owens  College,  Manchester. 

[In  preparation. 

Euripides. — HIPPOLYTUS.  Edited  by  J.  P.  MAHAFFY,  M.  A., 
Fellow  and  Pofessor  of  Ancient  History  in  Trinity  College,  Dub- 
lin, and  J.  B.  BURY,  Fellow  of  Trinity  College,  Dublin.  3^.  6d. 

MEDEA.  Edited  by  A.  W.  VERRALL,  M.A.,  Fellow  and 
Lecturer  of  Trinity  College,  Cambridge.  3.?.  6d. 

IPHIGENIA  IN  TAURIS.  Edited  by  E.  B.  ENGLAND,  M.A., 
Lecturer  at  the  Owens  College,  Manchester.  4*.  6d. 

Herodotus.— BOOKS  V.  AND  VI.  Edited  by  J.  STRACHAN, 
M.A.,  Professor  of  Greek  in  the  Owens  College,  Manchester. 

[In  preparation. 

BOOKS  VII.  AND  VIII.  Edited  by  Rev.  A.  H.  COOKE,  M.A., 
Fellow  of  King's  College,  Cambridge.  [In  preparation. 

Homer. — ILIAD.    BOOKS  i.,  ix.,  XL,  XVL— xxiv.  THE 

STORY  OF  ACHILLES.     Edited  by  the  late  J.   H.   PRATT, 
M.A.,  and  WALTER  LEAF,  M.A.,  Fellows  of  Trinity  College, 
Cambridge.     6s. 
ODYSSEY.       BOOK  IX.     Edited  by  Prof.  JOHN  E.  B.  MAYOR. 

23.  6d. 

ODYSSEY.  BOOKS  XXL— XXIV.  THE  TRIUMPH  OF 
ODYSSEUS.  Edited  by  S.  G.  HAMILTON,  B.A.,  Fellow  of 
Hertford  College,  Oxford.  3*.  6d. 

Horace.— THE  ODES.  Edited  by  T.  E.  PAGE,  M.A.,  formerly 
Fellow  of  St.  John's  College,  Cambridge  ;  Assistant- Master  at 
Charterhouse.  6s.  (BOOKS  I.,  II.,  III.,  and  IV.  separately, 
2s.  each.) 

THE  SATIRES.  Edited  by  ARTHUR  PALMER,  M.A.,  Fellow  of 
Trinity  College,  Dublin ;  Professor  of  Latin  in  the  University  of 
Dublin.  6s. 

THE  EPISTLES  AND  ARS  POETICA.  Edited  by  A  S. 
WILKINS,  M.A.,  LL.D.,  Professor  of  Latin  in  Owens  College, 
Manchester ;  Examiner  in  Classics  to  the  University  of 
London.  6s. 
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Isaeos. — THE  ORATIONS.  Edited  by  WILLIAM  RIDGEWAY, 
M.A.,  Fellow  of  Caius  College,  Cambridge;  and  Professor  of 
Greek  in  the  University  of  Cork.  [In preparation. 

Juvenal.  THIRTEEN  SATIRES.  Edited,  for  the  Use  of 
Schools,  by  E.  G.  HARDY,  M.A.,  Head  Master  of  Grantham 
Grammar  School ;  late  Fellow  of  Jesus  College,  Oxford.  5_y. 

The  Text  of  this  Edition  is  carefully  adapted  to  School  use. 
SELECT  SATIRES.     Edited  by  Professor  JOHN  E.  B.  MAYOR. 
X.  AND  XL     y.6d.     XII.— XVI.     4*.  6aT. 

Livy . — BOOKS  IL  AND  III.  Edited  by  Rev.  H.  M.  STEPHENSON, 
M.A.,  Head-Master  of  St.  Peter's  School,  York.  5^. 

BOOKS  XXI.  AND  XXII.  Edited  by  the  Rev.  W.  W.  CAPES, 
M.  A.,  Reader  in  Ancient  History  at  Oxford.  Maps.  5-v. 

BOOKS  XXIII  AND  XXIV.  Edited  by  G.  C.  MACAULAY,  M.A., 
Assistant-Master  at  Rugby.  With  Maps.  5>r. 

THE  LAST  TWO  KINGS  OF  MACEDON.  EXTRACTS 
FROM  THE  FOURTH  AND  FIFTH  DECADES  OF 
LIVY.  Selected  and  Edited,  with  Introduction  and  Notes,  by 
F.  H.  RAWLINS,  M.A.,  Fellow  of  King's  College,  Cambridge;  and 
Assistant-Master  at  Eton.  With  Maps.  3*.  6d. 

Lucretius.  BOOKS  L— III.  Edited  by  J.  H.  WARBURTON 
LEE,  M.A.,  late  Scholar  of  Corpus  Christi  College,  Oxford,  and 
Assistant-Master  at  Rossall.  45.  6d. 

Lysias. — SELECT  ORATIONS.  Edited  by  E.  S.  SHUCKBURGH, 
M.A.,  late  Assistant-Master  at  Eton  College,  formerly  Fellow  and 
Assistant-Tutor  of  Emmanuel  College,  Cambridge.  New  Edition, 
revised.  6s. 

Martial.  —  SELECT  EPIGRAMS.  Edited  by  Rev.  H.  M. 
STEPHENSON,  M.A.  6s. 

Ovid. — FASTI.     Edited  by  G.  H.  HALLAM,  M.A.,  Fellow  of  St. 

John's   College,    Cambridge,    and   Assistant-Master  at    Harrow. 

With  Maps.     5-r. 
HEROIDUM  EPISTUL.E  XIII.  Edited  by  E.  S.  SHUCKBURGH, 

M.A.    4s.  6d. 
METAMORPHOSES.     BOOKS    XIII.    AND   XIV.     Edited  by 

C.  SIMMONS,  M.A.    4*.  6d. 

Plato. — MENO.  Edited  by  E.  S.  THOMPSON,  M.A.,  Fellow  of 
Christ's  College,  Cambridge.  [In  preparation. 

APOLOGY  AND  CRITO.  Edited  by  F.  J.  H.  JENKINSON, 
M.A.,  Fellow  of  Trinity  College,  Cambridge.  [In  preparation. 

THE  REPUBLIC.  BOOKS  L— V.  Edited  by  T.  H.  WARREN. 
M.A.,  President  of  Magdalen  College,  Oxford.  [In  the  press. 
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PlautUS. — MILES  GLORIOSUS.  Edited  by  R.  Y.  TYRRELL. 
M.  A.,  Fellow  of  Trinity  College,  and  Regius  Professor  of  Greek  in 
the  University  of  Dublin.  Second  Edition  Revised.  $s. 

AMPHITRUO.  Edited  by  ARTHUR  PALMER,  M.A.,  Fellow  of 
Trinity  College  and  Regius  Professor  of  Latin  in  the  University 
of  Dublin.  [In  preparation. 

CAPTIVI.  Edited  by  A.  RHYS  SMITH,  late  Junior  Student  of 
Christ  Church,  Oxford.  [In  preparation. 

Pliny. — LETTERS.  BOOK  III.  Edited  by  Professor  JOHN  E.  B, 

MAYOR.     With  Life  of  Pliny  by  G.  H.  RENDALL,  M.A.     5*. 
LETTERS.     BOOKS  I.  and  Ii.      Edited  by  J.    COWAN,   B.A., 
Assistant  Master  in  the  Grammar  School,  Manchester. 

[In  preparation. 

Plutarch. — LIFE  OF  THEMISTOKLES.     Edited  by  Rev. 

H.  A.  HOLDEN,  M.A.,  LL.D.     5*. 

Polybius.— HISTORY  OF  THE  ACHAEAN  LEAGUE.  Being 
Parts  of  Books  II.,  III.,  and  IV.  Edited  by  W.  W.  CAPES. 
M.A.  [In  the  press. 

PrOpertillS. — SELECT  POEMS.  Edited  by  Professor  J.  P. 
POSTGATE,  M.A.,  Fellow  of  Trinity  College,  Cambridge.  Second 
Edition,  revised.  6s. 

Sallust. — CATILINA  AND  JUGURTHA.  Edited  by  C.  MERI- 
VALE,  D.D.,  Dean  of  Ely.  New  Edition,  carefully  revised  and 
enlarged,  4*.  6d.  Or  separately,  zs.  6d.  each. 

BELLUM  CATULINAE.  Edited  by  A.  M.  COOK,  M.A.,  Assist- 
ant Master  at  St.  Paul's  School.  45.  6d. 

JUGURTHA.     By  the  same  Editor.  [In  preparation. 

Sophocles. — ANTIGONE.  Edited  by  Rev.  JOHN  BOND,  M.  A., 
and  A.  S.  WALPOLE,  M.A.  [In preparation. 

TacitUS. — AGRICOLA   AND   GERMANIA.     Edited  by  A.   J. 

CHURCH,    M.A.,    and  W.   J.    BRODRIBB,    M.A.,  Translators  of 

Tacitus.     New  Edition,  3?.  6d.     Or  separately,  2.r.  each. 
THE  ANNALS.     BOOK  VI.     By  the  same  Editors.     2s.  6d. 
THE    HISTORIES.     BOOKS    I.    AND   II.      Edited  by   A.    D. 

GODLEY.  M.A.    5-r. 
THE  ANNALS.     BOOKS  I.  AND  II.     Edited  by  J.   S.  REID, 

M.L.,  LlTT.D.  [In  preparation. 

Terence. — HAUTON  TIMORUMENOS.     Edited  by  E.   s, 

SHUCKBURGH,  M.A.     $s.     With  Translation,  4<-.  6d. 
PHORMIO.     Edited   by  Rev.    JOHN   BOND,    M.A.,    and    A.   S. 
WALPOLE,  M.A.     $s.  6d. 
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Thucydides.  BOOK  IV.  Edited  by  C.  E.  GRAVES,  M.A., 
Classical  Lecturer,  and  late  Fellow  of  St.  John's  College, 
Cambridge.  5-r. 

BOOKS  I.  II.  III.  AND  V.  By  the  same  Editor.  To  be  published 
separately.  [In  preparation.  (Book  V.  in  the  press.  ) 

BOOKS  VI.  AND  VII.  THE  SICILIAN  EXPEDITION.  Edited 
by  the  Rev.  PERCIVAL  FROST,  M.A.,  late  Fellow  of  St.  John's 
College,  Cambridge.  New  Edition,  revised  and  enlarged,  with 
Map.  55-. 

TiblllluS.—  SELECT  POEMS.  Edited  by  Professor  J.  P. 
PoSTGATE,  M.A.  [In  preparation. 

Virgil.  —  ^NEID.  BOOKS  II.  AND  III.  THE  NARRATIVE 
OF  .ENEAS.  Edited  by  E.  W.  HOWSON,  M.  A.,  Fellow  of  King's 
College,  Cambridge,  and  Assistant-Master  at  Harrow.  $s. 

Xenophon.  —  HELLENICA,  BOOKS  I.  AND  II.  Edited  by 
H.  HAILSTONE,  B.  A.,  late  Scholar  of  /Peterhouse,  Cambridge. 
With  Map.  4-r.  6d. 

CYROP^DIA.  BOOKS  VII.  AND  VIII.  Edited  by  ALFRED 
GOODWIN,  M.A.,  Professor  of  Greek  in  University  College, 
London.  $s. 

MEMORABILIA  SOCRATIS.     Edited  by  A.  R.  CLUER,  B.A., 

Balliol  College,  Oxford.     6s. 
THE  ANABASIS.     BOOKS  I.—  IV.   Edited  by  Professors  W.  W. 

GOODWIN  and  J.  W.  WHITE.     Adapted  to  Goodwin's    Greek 

Grammar.     With  a  Map.     $s. 

HIERO.     Edited  by  Rev.  H.  A.  HOLDEN,  M.A.,  LL.D.     3?.  6d. 
OECONOMICUS.      By   the    same    Editor.      With   Introduction, 

Explanatory  Notes,  Critical  Appendix,  and  Lexicon.     6s. 

***  Other  Volumes  wilt  follow. 


CLASSICAL   LIBRARY. 

(i)  Texts,  Edited  with  Introductions  and  Notes, 
for  the  use  of  Advanced  Students.  (2)  Commentaries 
and  Translations. 


.—  THE  EUMENIDES.  The  Greek  Text,  with 
Introduction,  English  Notes,  and  Verse  Translation.  By  BERNARD 
DRAKE,  M.A.,  late  Fellow  of  King's  College,  Cambridge. 
8vo.  *. 
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.—  -  AGAMEMNON,  CHOEPHORCE,  AND  EUME- 
NIDES.  Edited,  with  Introduction  and  Notes,  by  A.  O. 
PRICKARD,  M.A.,  Fellow  and  Tutor  of  New  College,  Oxford. 
8vo.  \In  preparation. 

AGAMEMNO.  Emendavit  DAVID  S.  MARGOLIOUTH,  Coll.  Nov. 
Oxon.  Soc.  Demy  8vo.  2s.  6d. 

THE  "  SEVEN  AGAINST  THEBES."  Edited,  with  Introduc- 
tion, Commentary,  and  Translation,  by  A.  W.  VERRALL,  M.A., 
Fellow  of  Trinity  College,  Cambridge.  8vo.  'js.  6d. 

Antoninus,    Marcus   Aurelius.  —  BOOK  IV.  OF  THE 

MEDITATIONS.  The  Text  Revised,  with  Translation  and 
Notes,  by  HASTINGS  CROSSLEY,  M.A.,  Professor  of  Greek  in 
Queen's  College,  Belfast.  8vo.  6s. 

Aristotle.  —  THE  METAPHYSICS.    BOOK  L   Translated  by 

a  Cambridge  Graduate.     8vo.     5-r.  {Book  II.  in  preparation. 

THE  POLITICS.  Edited,  after  SUSEMIHL,  by  R.  D.  HICKS, 
M.  A.  ,  Fellow  of  Trinity  College,  Cambridge.  8vo. 

[In  the  press. 

THE  POLITICS.  Translated  by  Rev.  J.  E.  C.  WELLDON,  M.A., 
Fellow  of  King's  College,  Cambridge,  and  Head-Master  of 
Harrow  School.  Crown  8vo.  icj.  6d. 

THE  RHETORIC.  Translated  with  an  Analysis  and  Critical 
Notes,  by  the  same.  Crown  8vo.  7$.  6d. 

AN  INTRODUCTION  TO  ARISTOTLE'S  RHETORIC. 
With  Analysis,  Notes,  and  Appendices.  By  E.  M.  COPE,  Fellow 
and  Tutor  of  Trinity  College,  Cambridge.  8vo.  14^. 

THE  SOPHISTICI  ELENCHL  With  Translation  and  Notes 
by  E.  POSTE,  M.A.,  Fellow  of  Oriel  College,  Oxford.  8vo.  Ss.  6J. 

Aristophanes,  —  THE  BIRDS.  Translated  into  English  Verse, 
with  Introduction,  Notes,  and  Appendices,  by  B.  H.  KENNEDY, 
D.D.,  Regius  Professor  of  Greek  in  the  University  of  .Cambridge. 
Crown  8vo.  6s.  Help  Notes  to  the  same,  for  the  use  of 
Students,  is.  6d. 

Attic   Orators.  —  FROM  ANTIPHON  TO  ISAEOS.    By 

R.  C.  JEBB,  M.A.,  LL.D.,  Professor  of  Greek  in  the  University 
of  Glasgow.  2  vols.  8vo.  25^. 

SELECTIONS  FROM  ANTIPHON,  ANDOKIDES,  LYSIAS, 
ISOKRATES,  AND  ISAEOS.  Edited,  with  Notes,  by  Pro- 
fessor  JEBB.  Being  a  companion  volume  to  the  preceding  work. 
8vo.  12s.  6d. 
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BabrillS. — Edited,  with  Introductory  Dissertations,  Critical  Notes, 
Commentary  and  Lexicon.  By  Rev.  W.  GUNION  RUTHERFORD, 
M.  A.,  LL.D., Head-Master  of  Westminster  School.  8vo.  12s.  6d. 

Cicero.— THE  ACADEMICA.  The  Text  revised  and  explained 
by  J.  S.  REID,  M.L.,  Litt.D.,  Fellow  of  Caius  College,  Cam- 
bridge. 8vo.  i$s. 

THE  ACADEMICS.    Translated  by  J.  S.  REID,  M.L.    8vo.  55.  6d. 

SELECT  LETTERS.     After  the  Edition  of  ALBERT  WATSON, 

M.A.     Translated  by  G.  E.  JEANS,  M.A.,   Fellow  of  Hertford 

College,    Oxford,    and    Assistant-Master  at    Haileybury.      8vo. 

joj.  6d. 

(See  also  Classical  Series.) 

Euripides. — MEDEA.  Edited,  with  Introduction  and  Notes,  by 
A.  W.  VERRALL,  M.A.,  Fellow  and  Lecturer  of  Trinity  College, 
Cambridge.  8vo.  TS.  6d. 

IPHIGENIA  IN  AULIS.  Edited,  with  Introduction  and  Notes, 
by  E.  B.  ENGLAND,  M.A.,  Lecturer  in  the  Owens  College, 
Manchester.  8vo.  [In  preparation. 

INTRODUCTION  TO  THE  STUDY  OF  EURIPIDES.  By 
Professor  J.  P.  MAHAFFY.  Fcap.  8vo.  is.  6d.  (Classical  Writers 
Series.) 

(See  also  Classical  Series.) 

HerodotUS.— BOOKS  I.— III.  THE  ANCIENT  EMPIRES 
OF  THE  EAST.  Edited,  with  Notes,  Introductions,  and  Ap- 
pendices, by  A.  H.  SAYCE,  Deputy-Professor  of  Comparative 
Philology,  Oxford;  Honorary  LL.D.,  Dublin.  Demy  8vo.  i6s. 
BOOKS  IV. — IX.  Edited  by  REGINALD  W.  MACAN,  M.A., 
Lecturer  in  Ancient  History  at  Brasenose  College,  Oxford.  8vo. 

[In  'preparation. 

Homer. — THE  ILIAD.  Edited,  with  Introduction  and  Notes, 
by  WALTER  LEAF,  M.A.,  late  Fellow  of  Trinity  College,  Cam- 
bridge. 8vo.  Vol.  I.  Books  I. — XII.  14*.  [Vol.  II.  in  preparation 

THE  ILIAD.  Translated  into  English  Prose.  By  ANDREW 
LANG,  M.A.,  WALTER  LEAF,  M.A.,  and  ERNEST  MYERS,  M.A. 
Crown  8vo.  12s.  6d. 

THE  ODYSSEY.  Done  into  English  by  S.  H.  BUTCHER,  M.A., 
Professor  of  Greek  in  the  University  of  Edinburgh,  and  ANDREW 
LANG,  M.A.,  late  Fellow  of  Merton  College,  Oxford.  Fifth 
Edition,  revised  and  corrected.  Crown  8vo.  IQJ.  6d. 

INTRODUCTION  TO  THE  STUDY  OF  HOMER.  By  the 
Right  Hon.  W.  E.  GLADSTONE,  M.P.  i8mo.  is.  (Literature 
Primers.) 
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Homer.— HOMERIC  DICTIONARY.  For  Use  in  Schools  and 
Colleges.  Translated  from  the  German  of  Dr.  G.  AUTENRIETH, 
with  Additions  and  Corrections,  by  R.  P.  KEEP,  Ph.  D.  With 
numerous  Illustrations.  Crown  8vo.  6s. 

(See  also  Classical  Series.) 

Horace.— THE  WORKS  OF  HORACE  RENDERED  INTO 

ENGLISH  PROSE.  With  Introductions,  Running  Analysis, 
Notes,  &c.  By  J.  LONSDALE,  M.A.,  and  S.XEE,  M.A.  (Globe 
Edition.)  3^.  6d. 

STUDIES,  LITERARY  AND  HISTORICAL,  IN  THE  ODES 
OF  HORACE.  By  A.  W.  VERRALL,  Fellow  of  Trinity  College, 
Cambridge.  Demy  8vo.  8j.  6d. 

(See  also  Classical  Series.) 

Juvenal.— THIRTEEN  SATIRES  OF  JUVENAL.  With  a 
Commentary.  By  JOHN  E.  B.  MAYOR,  M.A.,  Professor  of  Latin 
in  the  University  of  Cambridge.  Crown  8vo. 

%*  Vol.  I.  Fourth  Edition,  Revised  and  Enlarged.  los.  6d 
Vol.  II.  Second  Edition.  IQJ.  6d. 

%*  The  new  matter  consists  of  an  Introduction  (pp.  I — 53),  Addi- 
tional Notes  (pp.  333 — 466)  and  Index  (pp.  467—526).  It  is  also 
issued  separately,  as  a  Supplement  to  the  previous  edition,  at  $s. 

THIRTEEN  SATIRES.  Translated  into  English  after  the  Text 
of  J.  E.  B.  MAYOR  by  ALEXANDER  LEEPER,  M.A.,  Warden  ot 
Trinity  College,  in  the  University  of  Melbourne.  Crown  8vo. 
y.  6J. 

(See  also  Classical  Series. \ 

Livy. — BOOKS  I.— IV.     Translated  by  Rev.  H.  M.  STEPHENSOK, 
M.A.,  Head  Master  of  St.  Peter's  School,  York.    [In  preparation. 
BOOKS   XXL— XXV.     Translated   by  ALFRED  JOHN  CHURCH, 
M.A.,  of  Lincoln  College,  Oxford,  Professor  of  Latin,  University 
College,  London,  and  WILLIAM  JACKSON  BRODRIBB,  M.  A.,  late 
Fellow  of  St.  John's  College,  Cambridge.     Cr.  8vo.  •js.  6d. 
INTRODUCTION  TO  THE    STUDY    OF  LIVY,       By   Rev. 
W.  W.  CAPES,  Reader  in  Ancient  History  at  Oxford.    Fcap.  8vo. 
is.  6d.     (Classical  Writers  Series.) 

(See  also  Classical  Series.) 

Martial. — BOOKS  i.  AND  H.  OF  THE  EPIGRAMS.    Edited, 

with  Introduction  and  Notes,  by  Professor  J.  E.  B.  MAYOR,  M.A. 

8vo.  [/#  the  press. 

(See  also  Classical  Series). 

Pausanias. — DESCRIPTION  OF  GREECE.    Translated 

J.  G.  FRAZER,  M.A.,  Fellow  of  Trinity  College,  Cambridge. 

[In  prepara 
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Phrynichus. — THE  NEW  PHRYNICHUS  ;  being  a  Revised 
Text  of  the  Ecloga  of  the  Grammarian  Phrynichus.  With  Intro- 
duction and  Commentary  by  Rev.  W.  GuNiON  RUTHERFORD, 
M.A.,  LL.D.,  Head  Master  of  Westminster  School.  8vo.  iSs. 

Pindar. — THE  EXTANT  ODES  OF  PINDAR.    Translated 

into  English,  with  an  Introduction  and  short  Notes,  by  ERNEST 
MYERS,  M.A.,  late  Fellow  of  Wadham  College,  Oxford.  Second 
Edition.  Crown  8vo.  5*. 

THE  OLYMPIAN  AND  PYTHIAN  ODES.  Edited,  with  an 
Introductory  Essay,  Notes,  and  Indexes,  by  BASIL  GILDERSLEEVE, 
Professor  of  Greek  in  the  Johns  Hopkins  University,  Baltimore. 
Crown  8vo.  TS.  6d. 

PlatO. — PHyEDO.  Edited,  with  Introduction,  Notes,  and  Appen- 
dices, by  R.  D.  ARCHER-HIND,  M.A.,  Fellow  of  Trinity  College. 
Cambridge.  8vo.  8s.  6d. 

TIMjEUS.—  Edited,  with  Introduction  and  Notes,  by  the  same 
Editor.  8vo.  [In  the  press. 

PH^EDO.  Edited,  with  Introduction  and  Notes,  by  W.  D.  GEDDES, 
LL.  D. ,  Principal  of  the  University  of  Aberdeen.  Second  Edition. 
Demy  8vo.  Ss.  6d. 

PHILEBUS.  Edited,  with  Introduction  and  Notes,  by  HENRY 
JACKSON,  M.A.,  Fellow  of  Trinity  College,  Cambridge.  8vo. 

[In  preparation. 

THE  REPUBLIC.— Edited,  with  Introduction  and  Notes,  by 
H.  C.  GOODHART,  M.A.,  Fellow  of  Trinity  College,  Cam- 
bridge. 8vo  [In  preparation. 

THE  REPUBLIC  OF  PLATO.  Translated  into  English,  with  an 
Analysis  and  Notes,  by  J.  LL.  DAVIES,  M.A.,  and  D.  ].  VAUGHAN, 
M.A.  i8mo.  4s.  6d. 

EUTHYPHRO,  APOLOGY,  CRITO,  AND  PH^DO.  Trans- 
lated by  F.  J.  CHURCH.  i8mo.  4*.  6d. 

PH/EDRUS,  LYSIS,  AND  PROTAGORAS.  Translated  by 
Rev.  J.  WRIGHT,  M.A  [New  edition  in  preparation, 

(See  also  Classical  Series. ) 

PlautUS. — THE  MOSTELLARIA  OF  PLAUTUS.  With  Notes, 
Prolegomena,  and  Excursus.  By  WILLIAM  RAMSAY,  M.A., 
formerly  Professor  of  Humanity  in  the  University  of  Glasgow. 
Edited  by  Professor  GEORGE  G.  RAMSAY,  M.A.,  of  the  University 
of  Glasgow.  8vo.  145. 

(See  also  Classical  Series.) 

Polybius. — THE  HISTORIES.  Translated,  with  Introduction 
and  Notes,  by  E.  S.  SHUCKBURGH,  M.A.  8vo.  [In preparation. 
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Sallust. — CATILINE     AND     JUGURTHA.      Translated,   with 
Introductory  Essays,  by  A.  W.  POLLARD,  B.A.     Crown  8vo.     6s. 
THE  CATILINE  (separately).     Crown  8vo.     3*. 

(See  also  Classical  Series.) 

Sophocles.— CEDIPUS  THE  KING.  Translated  from  the 
Greek  of  Sophocles  into  English  Verse  by  E.  D.  A.  MORSHEAD, 
M.A.,  late  Fellow  of  New  College,  Oxford;  Assistant  Master  at 
Winchester  College.  Fcap.  8vo.  $s.  6d. 

Studia  Scenica. — Part  I.,  Section  I.  Introductory  Study  on 
the  Text  of  the  Greek  Dramas.  The  Text  of  SOPHOCLES' 
TRACHINIAE,  1-300.  By  DAVID  S.  MARGOLIOUTH,  Fellow 
of  New  College,  Oxford.  Demy  8vo.  2s.  6d. 

Tacitus. — THE  ANNALS.  Edited,  with  Introductions  and 
Notes,  by  G.  O.  HOLB-ROOKE,  M.A.,  Professor  of  Latin  in  Trinity 
College,  Hartford,  U.S.A.  With  Maps.  8vo.  l6s. 

THE  ANNALS.  Translated  by  A.  J.  CHURCH,  M.A.,  and  W.  J. 
BRODRIBB,  M.A.  With  Notes  and  Maps.  New  Edition.  Cr.  8vo. 
7J.  6d. 

THE  HISTORIES.  Edited,  with  Introduction  and  Notes,  by 
Rev.  W.  A.  SPOONER,  M.A.,  Fellow  of  New  College,  and 
H.  M.  SPOONER,  M.A.,  formerly  Fellow  of  Magdalen  College, 
Oxford.  8vo.  [In  preparation. 

THE  HISTORY.  Translated  by  A.  J.  CHURCH,  M.A.,  and  W. 
J.  BRODRIBB,  M.A.  With  Notes  and  a  Map.  Crown  8vo.  6s. 

THE  AGRICOLA  AND  GERM  ANY,  WITH  THE  DIALOGUE 
ON  ORATORY.  Translated  by  A.  J.  CHURCH,  M.A.,  and 
W.  J.  BRODRIBB,  M.A.  With  Notes  and  Maps.  New  and 
Revised  Edition.  Crown  8vo.  4*.  6d. 

INTRODUCTION  TO  THE  STUDY  OF  TACITUS.  By 
A.  J.  CHURCH,  M.A.  and  W.  J.  BRODRIBB,  M.A.  Fcap.  8vo. 
u.  6d.  (Classical  Writers  Series.) 

Theocritus,  Bion,  and  Moschus.  Rendered  into  English 
Prose  with  Introductory  Essay  by  A.  LANG,  M.A.  Crown  8vo.  6s. 

Virgil.— THE  WORKS  OF  VIRGIL  RENDERED  INTO 
ENGLISH  PROSE,  with  Notes,  Introductions,  Running  Analysis, 
and  an  Index,  by  JAMES  LONSDALE,  M.A.,  and  SAMUEL  LEE, 
M.A.  New  Edition.  Globe  8vo.  3*.  6d. 

THE  ^ENEID.  Translated  by  J.  W.  MACKAIL,  M.A.,  Fellow  of 
Balliol  College,  Oxford.  Crown  8vo.  7*.  6d. 
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GRAMMAR,  COMPOSITION,  &  PHILOLOGY. 

Belcher. — SHORT  EXERCISES  IN  LATIN  PROSE  COM- 
POSITION AND  EXAMINATION  PAPERS  IN  LATIN 
GRAMMAR,  to  which  is  prefixed  a  Chapter  on  Analysis  of 
Sentences.  By  the  Rev.  H.  BELCHER,  M.A.,  Rector  of  the  High 
School,  Dunedin,  N.Z.  New  Edition.  iSiuo.  is.  6d. 

KEY  TO  THE  ABOVE  (for  Teachers  only).     3*.  6d. 

SHORT  EXERCISES  IN  LATIN  PROSE  COMPOSITION, 
Part  II.,  On  the  Syntax  of  Sentences,  with  an  Appendix,  includ- 
ing EXERCISES  IN  LATIN  IDIOMS,  &c.  i8mo.  2s. 

KEY  TO  THE  ABOVE  (for  Teachers  only).     3-r. 

Blackie. — GREEK  AND  ENGLISH  DIALOGUES  FOR  USE 
IN  SCHOOLS  AND  COLLEGES.  By  JOHN  STUART  BLACKIE, 
Emeritus  Professor  of  Greek  in  the  University  of  Edinburgh. 
New  Edition.  Fcap.  8vo.  2s.  6d. 

Bryans.— LATIN  PROSE  EXERCISES  BASED  UPON 

CAESAR'S  GALLIC  WAR.     With  a  Classification  of  Caesar's 

Chief  Phrases  and   Grammatical  Notes  on  Caesar's  Usages.     By 

CLEMENT  BRYANS,  M.A.,  Assistant-Master  in  Dulwich  College. 

Second  Edition,  Revised  and  Enlarged.     Extra  fcap.  8vo.     2s.  6d. 

KEY  TO  THE  ABOVE  (for  Teachers  only).     3*.  6d. 

GREEK  PROSE  EXERCISES  based  upon  Thucydides.     By  the 

same  Author.     Extra  fcap.  8vo.  [In  preparation. 

Colson. — A  FIRST  GREEK  READER.  By  Y.  H.  COLSON, 
M.A.,  Fellow  of  St.  John's  College,  Cambridge,  and  Senior 
Classical  Master  at  Bradford  Grammar  School.  Globe  8vo. 

[In  preparation. 

Eicke. — FIRST  LESSONS  IN  LATIN.  By  K.  M.  EICKE,  B.A., 
Assistant-Master  in  Oundle  School.  Globe  8vo.  2s. 

Ellis.— PRACTICAL  HINTS  ON  THE  QUANTITATIVE 
PRONUNCIATION  OF  LATIN,  for  the  use  of  Classical 
Teachers  and  Linguists.  By  A.  J.  ELLIS,  B.A.,  F.R.S.  Extra 
fcap.  8vo.  4-r.  6d. 

England. — EXERCISES  ON  LATIN  SYNTAX  AND  IDIOM- 
ARRANGED  WITH  REFERENCE  TO  ROBY'S  SCHOOL 
LATIN  GRAMMAR.  By  E.  B.  ENGLAND,  M.A.,  Assistant 
Lecturer  at  the  Owens  College,  Manchester.  Crown  8vo.  2s.  6d. 
Key  for  Teachers  only,  2s.  6d. 

Goodwin. — Works  by  W.  W.  GOODWIN,  LL.D.,  Professor  of 

Greek  in  Harvard  University,  U.S.A. 
SYNTAX  OF  THE  MOODS  AND  TENSES  OF  THE  GREEK 

VERB.     New  Edition,  revised.     Crown  8vo.     6s.  6d. 
A  GREEK  GRAMMAR.     New  Edition,  revised.     Crown  8vo.    6s. 
"It   is  the  best    Greek    Grammar  of  its    si»e    in    the    English    language."— 

ATHSN^EUM. 
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Goodwin.— A  GREEK  GRAMMAR  FOR  SCHOOLS.  Crown 
8vo.  3-r.  6d. 

Greenwood. — THE  ELEMENTS  OF  GREEK  GRAMMAR,, 

including  Accidence,  Irregular  Verbs,  and  Principles  of  Deriva- 
tion and  Composition ;  adapted  to  the  System  of  Crude  Forms. 
By  J.  G.  GREENWOOD,  Principal  of  Owens  College,  Manchester. 
New  Edition.  Crown  8vo.  5-r.  6d. 

Hadley    and    Allen. — A     GREEK     GRAMMAR     FOR 

SCHOOLS  AND  COLLEGES.  By  JAMES  HADLEY,  late 
Professor  in  Yale  College.  Revised  and  in  part  Rewritten  by 
FREDERIC  DE  FOREST  ALLEN,  Professor  in  Harvard  College. 
Crown  8vo.  6s. 

Hodgson. — MYTHOLOGY  FOR  LATIN  VERSIFICATION. 

A  brief  Sketch  of  the  Fables  of  the  Ancients,  prepared  to  be 
rendered  into  Latin  Verse  for  Schools.  By  F.  HODGSON,  B.D.,, 
late  Provost  of  Eton.  New  Edition,  revised  by  F.  C.  HODGSON, 
M.A.  i8rno.  3,;. 

Jackson. — FIRST  STEPS  TO  GREEK  PROSE  COMPOSI- 
TION. By  BLOMFIELD  JACKSON,  M.A.,  Assistant-Master  in 
King's  College  School,  London.  New  Edition,  revised  and 
enlarged.  i8mo.  is.  6tt. 

KEY  TO  FIRST  STEPS  (for  Teachers  only).     i8mo.     3*.  6d. 

SECOND  STEPS  TO  GREEK  PROSE  COMPOSITION,  with 
Miscellaneous  Idioms,  Aids  to  Accentuation,  and  Examination 
Papers  in  Greek  Scholarship.  i8mo.  2s,  6d. 

KEY  TO  SECOND  STEPS  (for  Teachers  only).     iSmo.     3*.  6d. 

Kynaston.— EXERCISES  IN  THE  COMPOSITION  OF 
GREEK  IAMBIC  VERSE  by  Translations  from  English  Dra- 
matists. By  Rev.  H.  KYNASTON,  D.D.,  Principal  of  Cheltenham 
College.  With  Introduction,  Vocabulary,  &c.  New  Edition, 
revised  and  enlarged.  Extra  fcap.  8vo.  $s. 
KEY  TO  THE  SAME  (for  Teachers  only).  Extra  fcap.  8vo.  4*.  6d. 

Lupton. — AN     INTRODUCTION    TO     LATIN    ELEGIAC 
VERSE  COMPOSITION.    By  J.  H.  LUPTON,  M.  A.,  Sur-Master 
of  St.  Paul's  School,  and  formerly  Fellow  of  St.  John's  College, 
Cambridge.     Globe  8vo.     2s.  6d. 

LATIN  RENDERING  OF  THE  EXERCISES  IN  PART  II. 
(XXV. -C.).  Globe  8vo.  3*.  6d. 

AN  INTRODUCTION  TO  THE  COMPOSITION  OF  LATIN 
LYRICS.  By  the  same  Author.  Globe  8vo.  {In preparation. 

Mackie. — PARALLEL  PASSAGES  FOR  TRANSLATION 

INTO  GREEK  AND  ENGLISH.  Carefully  graduated  for  the? 
use  of  Colleges  and  Schools.  With  Indexes.  By  Rev.  ELLIS  C. . 
MACKIE,  Classical  Master  at  Heversham  Grammar  School.  Globe 
8vo.  4J.  6d. 
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Macmillan.— FIRST  LATIN  GRAMMAR.  By  M.  C.  MAC- 
MILLAN,  M.A.,  late  Scholar  of  Christ's  College,  Cambridge; 
sometime  Assistant-Master  in  St.  Paul's  School.  New  Edition, 
enlarged.  Fcap.  8vo.  is.  6d.  A  SHORT  SYNTAX  is  in  prepara- 
tion to  follow  the  ACCIDENCE. 

Macmillan's  Latin  Course.     FIRST  PART.    By  A.  M. 

COOK,  M.  A.,  Assistant-Master  at  St.  Paul's  School.  New  Edition, 
revised  and  enlarged.  Globe  8vo.  $s.  6d. 

%*   The  Second  Part  is  in  preparation. 

Macmillan's  Shorter  Latin  Course.      By  A.  M.  COOK, 

M.A.,  Assistant-Master  at  St. Paul's  School.  Being  an  abridgement 
of  "  Ifacmillan's  Latin  Course,"  First  Year.  Globe  8vo.  u.  6d, 
Marshall. — A  TABLE  OF  IRREGULAR  GREEK  VERBS, 
classified  according  to  the  arrangement  of  Curtius's  Greek  Grammar. 
By  J.  M.  MARSHALL,  M.A.,  Head  Master  of  the  Grammar 
School,  Durham.  New  Edition.  8vo.  .is. 

Mayor  (John  E.  B.) — FIRST  GREEK  READER.    Edited 

after  KARL  HALM,  with  Corrections  and  large  Additions  by  Pro- 
fessor JOHN  E.  B.  MAYOR,  M.A.,  Fellow  of  St.  John's  College, 
Cambridge.  New  Edition,  revised.  Fcap.  8vo.  4^.  6d. 

Mayor  (Joseph  B.)— GREEK  FOR  BEGINNERS.  By  the 
Rev.  J.  B.  MAYOR,  M.A.,  Professor  of  Classical  Literature  in 
King's  College,  London.  Part  L,  with  Vocabulary,  is.  6d. 
Parts  II.  and  III.,  with  Vocabulary  and  Index,  3^.  6d.  Complete 
in  one  Vol.  fcap.  8vo.  45.  6d. 

Nixon. — PARALLEL  EXTRACTS,  Arranged  for  Translation  into 
English  and  Latin,  with  Notes  on  Idioms.  By  J.  E,  NIXON, 
M.A.,  Fellow  and  Classical  Lecturer,  King's  College,  Cambridge. 
Part  I. — Historical  and  Epistolary.  New  Edition,  revised  and 
enlarged.  Crown  8vo.  3^.  6d. 

PROSE  EXTRACTS,  Arranged  for  Translation  into  English  and 
Latin,   with  General  and  Special  Prefaces  on   Style  and  Idiom. 
I.   Oratorical.     II.    Historical.     III.    Philosophical  and  Miscella- 
neous.    By  the  same  Author.     Crown  8vo.     3^.  6d. 
%*  Translations  of  Select  Passages  si4pplied  by  Author  only. 

Peile.— A  PRIMER  OF  PHILOLOGY.  By  J.  PEILE,  M.A., 
Fellow  and  Tutor  of  Christ's  College,  Cambridge.  i8mo.  is. 

Postgate  and  Vince. — A  DICTIONARY  OF  LATIN 
ETYMOLOGY.  By  J.  P.  POSTGATE,  M.A.,  and  C.  A.  VINCE, 
M .  A.  [/»  preparation, 

Potts  (A.  W.) — Works  by  ALEXANDER  W.  POTTS,  M.A., 
LL.D  ,  late  Fellow  of  St.  John's  College,  Cambridge;  Head 
Master  of  the  Fettes  College,  Edinburgh. 

HINTS  TOWARDS  LATIN  PROSE  COMPOSITION.     New 
Edition.     Extra  fcap.  8vo.     3* 
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PottS.— PASSAGES    FOR    TRANSLATION    INTO   LATIN 

PROSE.     Edited  with  Notes  and  References  to  the  above.     New 

Edition.     Extra  fcap.  8vo.     2s.  6d. 

LATIN  VERSIONS   OF  PASSAGES  FOR  TRANSLATION 

INTO  LATIN  PROSE  (for  Teachers  only),     zs.  6d. 

Reid.— A  GRAMMAR  OF  TACITUS.  By  J.  S.  REID,  M.L., 
Fellow  of  Caius  College,  Cambridge.  [/«  preparation. 

A    GRAMMAR    OF    VERGIL.     By  the  same  Author. 

[In  preparation. 
%*  Similar  Grammars  to  other  Classical  Authors  will  probably  follow. 

Roby.— A  GRAMMAR   OF  THE  LATIN  LANGUAGE,  from 

Plautus  to  Suetonius.     By  H.  J.  ROBY,  M.A.,  late  Fellow  of  St. 

John's    College,     Cambridge.      In   Two   Parts.      Fifth   Edition. 

Part  I.  containing: — Book   I.    Sounds.      Book   II.    Inflexions. 

Book  III.    Word-formation.     Appendices.     Crown  8vo.     gs. 

Part  II.  Syntax,  Prepositions,  &c.     Crown  8vo.     IOT.  6d. 
"  Marked  by  the  clear  and  practised  insight  of  a  master  in  his  art.    A  book  that 
would  do  honour  to  any  country." — ATHENAEUM. 

SCHOOL  LATIN  GRAMMAR.     By  the  same  Author.     Crown 

8vo.     5*. 

Rush.— SYNTHETIC  LATIN  DELECTUS.  A  First  Latin 
Construing  Book  arranged  on  the  Principles  of  Grammatical 
Analysis.  With  Notes  and  Vocabulary.  By  E.  RUSH,  B.A. 
With  Preface  by  the  Rev.  W.  F.  MOULTON,  M.A.,  D.D.  New 
and  Enlarged  Edition.  Extra  fcap.  Svo.  zs.  6d. 

Rust— FIRST  STEPS  TO  LATIN  PROSE  COMPOSITION. 

By  the  Rev.   G.   RUST,    M.A.,   of  Pembroke  College,  Oxford, 

Master  of   the   Lower   School,   King's  College,   London.      New 

Edition.     i8mo.     is.  6d. 
KEY  TO  THE  ABOVE.     By  W.  M.  YATES,  Assistant-Master  in 

the  High  School,  Sale.     i8mo.     35.  6d. 
Rutherford. — Works  by  the  Rev.  W.  GUNION  RUTHERFORD, 

M.A.,  LL.D.,  Head-Master  of  Westminster  School. 
A  FIRST  GREEK  GRAMMAR.     New  Edition,  enlarged.   Extra 

fcap.  Svo.     is.  6d. 
REX  LEX.       A  Short  Digest  of  the  principal  Relations  between 

Latin,  Greek,  and  Anglo-Saxon  Sounds.     Svo.       [In  preparation. 
THE    NEW    PHRYNICHUS  ;     being  a  Revised  Text  of    the 

Ecloga  of  the  Grammarian  Phrynichus.     With  Introduction  and 

Commentary.     Svo.     i8j. 

Simpson.— LATIN  PROSE  AFTER  THE  BEST  AUTHORS. 

By  F.  P.  SIMPSON,  B.A.,  late  Scholar  of  Balliol  College,  Oxford. 

Part  I.     CAESARIAN  PROSE.     Extra  fcap.  Svo.     zs.  6d. 

KEY  TO  THE  ABOVE,  for  Teachers  only.     Extra  fcap.    Svo.    $s. 
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Thring. — Works  by  the  Rev.  E.  THRING,  M.A.,  Head-Master  of 

Uppingham  School. 
A   LATIN   GRADUAL.       A   First   Latin  Construing  Book  for 

Beginners.      New   Edition,    enlarged,    with    Coloured   Sentence 

Maps.     Fcap.  8vo.     2s.  6d. 
A  MANUAL  OF  MOOD  CONSTRUCTIONS.  Fcap.  8vo.   is.  6d. 

White. — FIRST  LESSONS  IN  GREEK.  Adapted  to  GOOD- 
WIN'S GREEK  GRAMMAR,  and  designed  as  an  introduction 
to  the  ANABASIS  OF  XENOPHON.  By  JOHN  WILLIAMS 
WHITE,  Ph.D.,  Assistant- Professor  of  Greek  in  Harvard  Univer- 
sity. Crown  8vo.  $s.  6d. 

Wilkins  and  Strachan. — PASSAGES  FOR  TRANSLA- 
TION FROM  GREEK  AND  LATIN.  Selected  and  Arranged 
by  A.  S.  WILKINS,  M.A.,  Professor  of  Latin,  and  J.  STRACHAN, 
M.A.,  Professor  of  Greek,  in  the  Owens  College,  Manchester. 

[In  the  press. 

Wright. — Works  by  J.  WRIGHT,  M.A.,  late  Head  Master  of 
Sutton  Coldfield  School. 

A  HELP  TO  LATIN  GRAMMAR  ;  or,  The  Form  and  Use  of 
Words  in  Latin,  with  Progressive  Exercises.  Crown  8vo.  4^.  6d. 

THE  SEVEN  KINGS  OF  ROME.  An  Easy  Narrative,  abridged 
from  the  First  Book  of  Livy  by  the  omission  of  Difficult  Passages  ; 
being  a  First  Latin  Reading  Book,  with  Grammatical  Notes  and 
Vocabulary.  New  and  revised  Edition.  Fcap.  8vo.  3^.  6d. 

FIRST  LATIN  STEPS  ;  OR,  AN  INTRODUCTION  BY  A 
SERIES  OF  EXAMPLES  TO  THE  STUDY  OF  THE 
LATIN  LANGUAGE.  Crown  8vo.  3*. 

ATTIC  PRIMER.  Arranged  for  the  Use  of  Beginners.  Extra 
fcap.  8vo.  2s.  6d. 

A  COMPLETE  LATIN  COURSE,  comprising  Rules  with 
Examples,  Exercises,  both  Latin  and  English,  on  each  Rule,  and 
Vocabularies.  Crown  8vo.  2s.  6d. 

Wright  (H.  C.)— EXERCISES  ON  THE  LATIN  SYNTAX. 
By  Rev.  H.  C.  WRIGHT,  B.A.,  Assistant- Master  at  Haileybury. 
College.  i8mo.  [In  preparation. 


ANTIQUITIES,    ANCIENT    HISTORY,  AND 
PHILOSOPHY. 

Arnold. — Works  by  W.  T.  ARNOLD,  M.A. 

A  HANDBOOK  OF  LATIN  EPIGRAPHY.       [In  preparation. 
THE  ROMAN  SYSTEM  OF   PROVINCIAL  ADMINISTRA- 
TION  TO  THE  ACCESSION   OF   CONSTANTINE   THE 
GREAT.     Crown  Svo.     6j. 
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Arnold  (T.)— THE  SECOND  PUNIC  WAR.  Being  Chapters  on 
THE  HISTORY  OF  ROME.  By  the  late  THOMAS  ARNOLD, 
D.D.,  formerly  Head- Master  of  Rugby  School,  and  Regius  Professor 
of  Modern  History  in  the  University  of  Oxford.  Edited,  with  Notes, 
by  W.  T.  ARNOLD,  M.A.  With  8  Maps.  Crown  8vo.  Ss.  6d. 
Beesly. — STORIES  FROM  THE  HISTORY  OF  ROME. 

By  Mrs.  BEESLY.     Fcap.  8vo.     2s.  6d. 

Classical  Writers. — Edited  by  JOHN  RICHARD  GREEN,  M.A., 
LL.D.  Fcap.  8vo.  is.  6d.  each. 

EURIPIDES.     By  Professor  MAHAFFY. 

MILTON.     By  the  Rev.  STOPFORD  A.  BROOKE,  M.A. 

LIVY.     By  the  Rev.  W.  W.  CAPES,  M.A. 

VIRGIL.     By  Professor  NETTLESHIP,  M.A. 

SOPHOCLES.     By  Professor  L.  CAMPBELL,  M.A. 

DEMOSTHENES.     By  Professor  S.  H.  BUTCHER,  M.A. 

TACITUS.      By   Professor  A.   J.    CHURCH,    M.A.,   and   W;  J. 
BRODRIBB,  M.A. 

Freeman. — HISTORY  OF  ROME.  By  EDWARD  A.  FREE- 
MAN, D.C.L.,  LL.D.,  Hon.  Fellow  of  Trinity  College,  Oxford, 
Regius  Professor  of  Modern  History  in  the  University  of  Oxford. 
(Historical  Course  for  Schools.)  iSino.  [In  preparation. 

A    SCHOOL    HISTORY    OF    ROME.      By  the  same   Author. 
Crown  8vo.  [In  preparation, 

HISTORICAL   ESSAYS.     Second   Series.     [Gree^   and   Roman 
History.]    By  the  same  Author.     8vo.    IQJ.  6d. 

Fyffe.— A  SCHOOL  HISTORY  OF  GREECE.  By  C.  A. 
FYFFE,  M.A.  Crown  8vo.  [In  preparation. 

Geddes.  —  THE  PROBLEM  OF  THE  HOMERIC  POEMS. 

By  W.   D.   GEDDES,   Principal  of  the  University  of  Aberdeen. 
8vo.    14*. 

Gladstone. — Works  by  the  Rt.  Hon.  W.  E.  GLADSTONE,  M.P. 
THE  TIME  AND  PLACE  OF  HOMER.     Crown  8vo.     6s.  6d. 
A  PRIMER  OF  HOMER.     i8mo.     is. 

Gow.— PROLEGOMENA  TO  THE  CLASSICS.  For  use  in 
Schools.  By  JAMES  Gow,  M.A.,  Litt.D.,  Head  Master  of  the 
High  School,  Nottingham  ;  formerly  Fellow  of  Trinity  College' 
Cambridge.  Crown  8vo.  [In  preparation. 

Jackson.— A  MANUAL  OF  GREEK  PHILOSOPHY.     By 

HENRY  JACKSON,  M.A.,  Litt.D.,  Fellow  and  Prselector  in  Ancient 
Philosophy,  Trinity  College,  Cambridge.  [/« preparation. 

J  ebb  .—Works  by  R.  C.   JEBB,   M.A.,  LL.D.,  Professor  of  Greek 

in  the  University  of  Glasgow. 

THE  ATTIC  ORATORS    FROM  ANTIPHON  TO   ISAEOS. 
2  vols.     8vo.     25*. 
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Jebb.— SELECTIONS  FROM  THE  ATTIC  ORATORS,  AN- 
TIPHON,    ANDOKIDES,    LYSIAS,    ISOKRATES,     AND 
1SAEOS.     Edited,  with  Notes.     Being  a  companion  volume  to  the 
preceding  work.     Svo.      I2s.  6d. 
A  PRIMER  OF  GREEK  LITERATURE.     i8mo.     is. 

Kiepert. — MANUAL  OF  ANCIENT  GEOGRAPHY,  Trans- 

lated  from  the  German  of  Dr.  HEINRICH  KIEPERT.   Crown  8vo.  5^. 

Mahaffy. — Works  by  J.  P.  MAHAFFY,  M.A.,  Fellow  and  Professor 
•      of  Ancient  History  in  Trinity  College,   Dublin,  and  Hon.  Fellow 

of  Queen's  College,  Oxford. 
SOCIAL    LIFE    IN    GREECE;     from    Homer    to    Menander. 

Fifth  Edition,  revised  and  enlarged.     Crown  8vo.     gs. 
GREEK  LIFE  AND  THOUGHT  ;  from  the  Macedonian  to  the 

Roman  Conquest.     Crown  8vo.  [/«  the  press. 

RAMBLES  AND  STUDIES  IN  GREECE.     With  Illustrations. 

Third  Edition,  Revised  and  Enlarged.     With  Map.     Crown  8vo. 

i  os.  6(t. 
A  PRIMER  OF  GREEK  ANTIQUITIES.     With  Illustrations. 

i8mo.     is. 
EURIPIDES.     i8mo.     is.  6d.     (Classical  Writers  Series.} 

Mayor  (J.  E.  B.)— BIBLIOGRAPHICAL  CLUE  TO  LATIN 
LITERATURE.  Edited  after  HUBNER,  with  large  Additions 
by  Professor  JOHN  E.  B.  MAYOR.  Crown  8vo.  IQJ.  6d. 

Newton. — ESSAYS  IN  ART  AND  ARCHEOLOGY.  By 
C.  T.  NEWTON,  C.B.,  D.C.L.,  Professor  of  Archaeology  in 
University  College,  London,  and  formerly  Keeper  of  Greek  and 
Roman  Antiquities  at  the  British  Museum.  8vo.  I2s.  6d. 

Ramsay. — A   SCHOOL   HISTORY   OF   ROME.      By   G.  G. 

RAMSAY,   M.A.,    Professor   of    Humanity   in   the    University  of 
Glasgow.     With  Maps.     Crown  8vo.  [In  preparation. 

Sayce.— THE  ANCIENT  EMPIRES  OF  THE  EAST.  By 
A.  H.  SAYCE,  Deputy-Professor  of  Comparative  Philosophy, 
Oxford,  Hon.  LL.D.  Dublin.  Crown  8vo.  6s. 

Stewart.— THE  TALE  OF  TROY.  Done  into  English  by 
AUBREY  STEWART,  M.A.,  late  Fellow  of  Trinity  College, 
Cambridge.  Globe  8vo.  3*.  6d. 

Wilkins. — A    PRIMER   OF   ROMAN     ANTIQUITIES.      By 

Professor  WILKINS,  M.A.,  LL.D.     Illustrated.     tSmo.     is. 
A  PRIMER  OF  LATIN  LITERATURE.     By  the  same  Author. 

[/«  preparation. 
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MATHEMATICS. 

(i)  Arithmetic  and  Mensuration,  (2)  Algebra 
(3)  Euclid  and  Elementary  Geometry,  (4)  Trigo- 
nometry, (5)  Higher  Mathematics. 

ARITHMETIC  AND  MENSURATION. 

Aldis. — THE  GREAT  GIANT  ARITHMOS.  A  most  Elementary 
Arithmetic  for  Childn  n.  By  MARY  STEADMAN  ALDIS.  With" 
Illustrations.  Globe  8vo.  2s.  6d. 

Brook-Smith  (J.).— ARITHMETIC  IN  THEORY  AND 
PRACTICE.  By  J.  BROOK-SMITH,  M.A.,  LL.B.,  St.  John's 
College,  Cambridge ;  Barrister-at-Law ;  one  of  the  Masters  of 
Cheltenham  College.  New  Edition,  revised.  Crown  8vo.  4*.  6d. 

Candler. — HELP  TO  ARITHMETIC.  Designed  for  the  use  of 
Schools.  By  H.  CANDLER,  M.A.,  Mathematical  Master  of 
Uppingham  School.  Second  Edition.  Extra  fcap.  8vo.  2s.  6d. 

Dalton.— RULES  AND  EXAMPLES  IN  ARITHMETIC.  By 
the  Rev.  T.  DALTON,  M.A.,  Assistant-Master  in  Eton  College. 
New  Edition.  i8mo.  2s.  6d. 

[Answers  to  the  Examples  are  appended. 

Lock.— ARITHMETIC  FOR  SCHOOLS.  By  Rev.  J.  B.  LOCK, 
M.A.,  Senior  Fellow,  Assistant  Tutor,  and  Lecturer  of  Caius 
College,  Teacher  in  Physics  in  the  University  of  Cambridge, 
formerly  Assistant-Master  at  Eton.  With  Answers  and  1000 
additional  Examples  for  Exercise.  Second  Edition,  revised. 
Globe  8vo.  4*.  6d.  Or  in  Two  Parts  : — Part '  I.  Up  to  and 
including  Practice,  with  Answers.  Globe  8vo.  2s.  Part  II. 
With  Answers  and  1000  additional  Examples  for  Exercise.  Globe 
8vo.  3-r.  [A  Key  is  in  the  press. 

%*   The  complete  book  and  both  parts  can  also  be  obtained  without 

answers  at  the  same  price,  though  in  different  binding.     But  the  edition 

with  answers  will  always  be  supplied  unless  the  other  is  specially  asked  for. 

Pedley.— EXERCISES  IN  ARITHMETIC  for  the  Use  of 

Schools.      Containing  more  than  7,000  original  Examples.      By 
S.  PEDLEY,  late  of  Tamworth  Grammar  School.    Crown  8vo.    5-r. 

Also  in  Two  Parts  2s.  6d.  each. 

Smith. — Works  by  the  Rev.  BARNARD  SMITH,  M.A.,  late  Recto 
of  Glaston,  Rutland,  and  Fellow  and  Senior  Bursar  of  S.  Peter' 
College,  Cambridge. 

ARITHMETIC  AND  ALGEBRA,  in  their  Principles  and  Appli- 
cation; with  numerous  systematically  arranged  Examples  taken 
from  the  Cambridge  Examination  Papers,  with  especial  reference 
to  the  Ordinary  Examination  for  the  B.A.  Degree.  New  Edition, 
carefully  Revised.  Crown  8vo.  icw.  6d. 
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Smith. — ARITHMETIC     FOR     SCHOOLS.       New    Edition. 

Crown  8vo.     4*.  6d. 
A    KEY    TO    THE  ARITHMETIC   FOR   SCHOOLS.      New 

Edition.     Crown  8vo.     8s.  6d. 
EXERCISES  IN  ARITHMETIC.      Crown  8vo,  limp  cloth,  2s. 

With  Answers,  2s.  6d.     Answers  separately,  6d. 
SCHOOL  CLASS-BOOK  OF  ARITHMETIC.    i8mo,    cloth.   3*. 

Or  sold  separately,  in  Three  Parts,  is.  each. 
KEYS    TO    SCHOOL    CLASS-BOOK     OF    ARITHMETIC. 

Parts  I.,  II.,  and  III.,  2s.  6d.  each. 
SHILLING    BOOK    OF    ARITHMETIC    FOR    NATIONAL 

AND  ELEMENTARY  SCHOOLS.      i8mo,  cloth.      Or  sepa- 
rately, Part  I.  2d.  ;  Part  II.  $d.  ;  Part  III.  yd.     Answers,  6d. 
THE  SAME,  with  Answers  complete.     i8mo,  cloth,     is.  6d. 
KEY  TO  SHILLING  BOOK  OF  ARITHMETIC.    i8mo.  4*.  6d. 
EXAMINATION  PAPERS  IN  ARITHMETIC.     i8mo.     is.  6d. 

The  same,  with  Answers,  i8mo,  2s.     Answers,  6d. 
KEY    TO     EXAMINATION    PAPERS    IN    ARITHMETIC. 

i8mo.     4J.  6d. 
THE    METRIC    SYSTEM    OF    ARITHMETIC,    ITS    PRIN- 

CIPLES   AND    APPLICATIONS,  with   numerous   Examples, 

written  expressly   for   Standard   V.   in   National   Schools.     New 

Edition.     i8mo,  cloth,  sewed,     ^d. 
A  CHART  OF  THE  METRIC  SYSTEM,  on  a  Sheet,  size  42  in. 

by   34  in.    on    Roller,    mounted    and   varnished.     New    Edition. 

Price  3J.  6d. 

Also  a  Small  Chart  on  a  Card,  price  id. 
EASY   LESSONS   IN  ARITHMETIC,  combining  Exercises  in 

Reading,  Writing,  Spelling,  and  Dictation.     Part  I.  for  Standard 

I.  in  National  Schools.     Crown  8vc.     gd. 
EXAMINATION  CARDS  IN  ARITHMETIC.     (Dedicated  to 

Lord  Sandon.)     With  Answers  .  ~.d  Hints. 
Standards  I.  and  II.  in  box,  is.     Standards  III.,  IV.,  and  V.,  in 

boxes,  is.  each.  Standard  VI.  in  Two  Parts,  in  boxes,  is.  each. 
A  and  B  papers,  of  nearly  the  same  difficulty,  are  given  so  as  to 
prevent  copying,  and  the  colours  of  the  A  and  B  papers  differ  in  each 
Standard,  and  from  those  of  every  other  Standard,  so  that  a  master 
or  mistress  can  see  at  a  glance  whether  the  children  have  the  proper 
papers. 

Todhunter.— MENSURATION   FOR    BEGINNERS.     By 
TODHUNTER,  M.A.,  F.R.S.,  D.Sc.,  late  of  St.  John's    College, 
Cambridge.  With  Examples.    New  Edition.    i8mo.    2s.6d. 
KEY  TO  MENSURATION  FOR  BEGINNERS.     By  the  Rev. 
FR.  LAWRENCE   MCCARTHY,  Professor  of  Mathematics  in   St. 
Peter's  College,  Agra.     Crown  8vo.     "js.  6d. 
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ALGEBRA. 

Dalton. — RULES  AND  EXAMPLES  IN  ALGEBRA.     By  the 
Rev.    T.    DALTON,    M.A.,    Assistant-Master    of    Eton    College. 
Part  I.     New  Edition.     i8mo.     2r.     Part  II.     i8mo.     zs.  6d. 
%*  A  Key  to  Part  I.  for  Teachers  only,  JS.  6d. 

Hall  and  Knight.— ELEMENTARY  ALGEBRA  FOR 
SCHOOLS.  By  H.  S.  HALL,  M.A.,  formerly  Scholar  of  Christ's 
College,  Cambridge,  Master  of  the  Military  and  Engineering  Side, 
Clifton  College;  and  S.  R.  KNIGHT,  B.A  ,  formerly  Scholar  of 
Trinity  College,  Cambridge,  late  Assistant-Master  at  Marlborough 
College.  Second  Edition,  Revised  and  Corrected.  Globe  8vo, 
bound  in  maroon  coloured  cloth,  ^s.  6d, ;  with  Answers,  bound  in 
green  coloured  cloth,  43.  6d. 

ALGEBRAICAL  EXERCISES  AND  EXAMINATION  PAPERS. 
To  accompany  ELEMENTARY  ALGEBRA.  By  the  same 
Authors.  Globe  8vo.  2s.  6d. 

HIGHER  ALGEBRA.  A  Sequel  to  " ELEMENTARY  AL- 
GEBRA FOR  SCHOOLS."  By  the  same  Authors.  Crown  8vo. 
Is.  6d. 

Jones  and  Cheyne. — ALGEBRAICAL  EXERCISES.  Pro- 
gressively Arranged.  By  the  Rev.  C.  A.  JONES.  M.A.,  and  C. 
H.  CHEYNE,  M.A.,  F.R.A.S.,  Mathematical  Masters  of  West- 
minster School.  New  Edition.  i8mo.  2s.  6d. 
A  KEY  TO  SOME  EXAMPLES  IN  MESSRS.  JONES  AND 
CHEYNE' S  ALGEBRAICAL  EXERCISES.  By  Rev.  W. 
FAILES,  M.A.,  Assistant  Master  in  Westminster  School.  Crown 
8vo.  [In  the  press. 

Smith  (Barnard).— ARITHMETIC  AND  ALGEBRA,  in  their 

Principles  and  Application  ;  with  numerous  systematically  arranged 
Examples  taken  from  the  Cambridge  Examination  Papers,  with 
especial  reference  to  the  Ordinary  Examination  for  the  B.A.  Degree. 
By  the  Rev.  BARNARD  SMITH,  M.  A.,  late  Rector  of  Glaston,  Rut- 
land, and  Fellow  and  Senior  Bursar  of  St.  Peter's  College,  Cam- 
bridge. New  Edition,  carefully  Revised.  Crown  8vo.  los.  6d. 
Smith  (Charles).— Works  by  CHARLES  SMITH,  M.A.,  Fellow 

and  Tutor  of  Sidney  Sussex  College,  Cambridge. 
ELEMENTARY  ALGEBRA.     Globe  8vo.     4^.  6d. 
_  In  this  work  the  author  has  endeavoured  to  explain  the  principles  of  Algebra  in  as 
simple  a  manner  as  possible  for  the  benefit  of  beginners,  bestowing  great  care  upon 
the  explanations  and  proofs  of  the  fundamental  operations  and  rules. 

ALGEBRA  FOR  SCHOOLS  AND  COLLEGES.  Crown  8vo. 
/— ,  -,  [/«  the  press. 

Todhunter.— Works  by  I.  TODHUNTER,  M.A.,  F.R.S.,  D.Sc., 

late  of  St.  John's  College,  Cambridge. 

"  Mr.  Todhunter  is  chiefly  known  to  Students  of  Mathematics  as  the  author  of  a 
series  of  admirable  mathematical  text-books,  which  possess  the  rare  qualities  of  being 
clear  m  style  and  absolutely  free  from  mistakes,  typographical  or  other."— SATURDAY 
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Tod  hunter. — ALGEBRA  FOR  BEGINNERS,  with  numerous 

Examples.     New  Edition.     i8mo.     2s.  6d. 

KEY  TO  ALGEBRA  FOR  BEGINNERS.    Crown  8vo.    6s.  6d. 
ALGEBRA.     For  the  Use  of  Colleges  and  Schools.     New  Edition. 

Crown  8vo.     Js.  6d. 
KEY  TO  ALGEBRA  FOR  THE  USE  OF  COLLEGES  AND 

SCHOOLS.     Crown  8vo.     IQJ.  6d. 

EUCLID,  &  ELEMENTARY  GEOMETRY. 

Constable.— GEOMETRICAL  EXERCISES  FOR  BE- 
GINNERS. By  SAMUEL  CONSTABLE.  Crown  8vo.  35.  6d. 

Cuthbertson. — EUCLIDIAN  GEOMETRY.  By  FRANCIS 
CUTHBERTSON,  M.A.,  LL.D.,  Head  Mathematical  Master  of  the 
City  of  London  School.  Extra  fcap.  8vo.  4.5.  6d. 

DodgSOn. — Works  by  CHARLES  L.  DODGSON,  M.A.,  Student  and 

late  Mathematical  Lecturer  of  Christ  Church,  Oxford. 
EUCLID.    BOOKS  I.  AND  II.     Fourth  Edition,  with  words  sub- 
stituted for  the  Algebraical    Symbols  used  in  the  First  Edition. 
Crown  8vo.     2s. 
*»*  The  text  of  this  Edition  has  been  ascertained,  by  counting  the  words,  to  be 

less  than  five-sevenths  of  that  contained  in  the  ordinar}'  editions. 

EUCLID    AND   HIS    MODERN   RIVALS.      Second    Edition. 
Crown  8vo.     6s. 

Eagles.— CONSTRUCTIVE  GEOMETRY  OF  PLANE 
CURVES.  By  T.  H.  EAGLES,  M.A.,  Instructor  in  Geometrical 
Drawing,  and  Lecturer  in  Architecture  at  the  Royal  Indian  En 
gineering  College,  Cooper's  Hill.  With  numerous  Examples. 
Crown  8vo.  I2s. 

Hall    and    Stevens. — A  TEXT   BOOK   OF    EUCLID'S 

ELEMENTS.  Including  alternative  Proofs,  together  with  additional 
Theorems  and  Exercises,  classified  and  arranged.  By  H.  S. 
HALL,  M.A.,  formerly  Scholar  of  Christ's  College,  Cambridge, 
and  F.  H.  STEVENS,  M.A.,  formerly  Scholar  of  Queen's  College, 
Oxford  :  Masters  of  the  Military  and  Engineering  Side,  Clifton 
College.  Globe  8vo.  Part  L,  containing  Books  I.  and  II.  2s. 

[Part  //.  in  preparation. 

Halsted.— THE  ELEMENTS  OF  GEOMETRY.  By  GEORGE 
BRUCE  HALSTED,  Professor  of  Pure  and  Applied  Mathematics 
in  the  University  of  Texas.  8vo.  I2s.  6d. 

Kitchener. — A   GEOMETRICAL   NOTE-BOOK,  containing 

Easy  Problems  in  Geometrical  Drawing  preparatory  to  the  Study 
of  Geometry.  For  the  Use  of  Schools.  By  F.  E.  KITCHENER, 
M.A.,  Head-Master  of  the  Grammar  School,  Newcastle,  Stafford- 
shire. New  Edition.  4to.  2s. 
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Mault—  NATURAL     GEOMETRY:    an    Introduction    to    the 
Logical    Study  of   Mathematics.     For    Schools    and    Technical 
Classes.     With  Explanatory  Models,    based    upon    the    Tachy- 
metrical  works  of  Ed.  Lagout.     By  A.  MAULT.     i8mo.     is. 
Models  to  Illustrate  the  above,  in  Box,  12s.  6d. 

Snowball. — THE  ELEMENTS  OF  PLANE  AND  SPHERI- 
CAL TRIGONOMETRY.  By  J.  C.  SNOWBALL,  M.A.  Four- 
teeenth  Edition.  Crown  8vo.  7^.  6d. 

Syllabus  of  Plane  Geometry  (corresponding  to  Euclid, 

Books  I. — VI.).     Prepared  by  the  Association  for  the  Improve- 
ment of  Geometrical  Teaching.     New  Edition.     Crown  8vo.     is. 

Todhunter. — THE  ELEMENTS  OF  EUCLID.    For  the  Use 

of  Colleges  and  Schools.  By  I.  TODHUNTER,  M.A.,  F.R.S.,  D.Sc., 
of  St.  John's  College,  Cambridge.    New  Edition.     i8mo.     3^  6d. 
KEY  TO  EXERCISES  IN  EUCLID.     Crown  8vo.     6s.  6d. 
Wilson  (J.   M.).— ELEMENTARY  GEOMETRY.      BOOKS 
I. — V.    Containing  the  Subjects  of  Euclid's  first  Six  Books.    Fol- 
lowing the  Syllabus  of  the  Geometrical  Association.     By  the  Rev. 
J.  M.  WILSON,  M.A.,   Head  Master  of  Clifton  College.     New 
Edition.     Extra  fcap.  8vo.     4^.  6ef. 

TRIGONOMETRY. 

Beasley.— AN  ELEMENTARY  TREATISE  ON  PLANE 

TRIGONOMETRY.     With  Examples.     By  R.  D.  BEASLEY, 

M.A.     Ninth  Edition,  revised  and  enlarged.    Crown  8vo.   3-r.  6d. 
Lock. — Works  by  Rev.  J.  B.  LOCK,  M.A.,  Senior  Fellow,  Assistant 

Tutor  and  Lecturer  in  Mathematics,  of  Gonville  and  Caius  College, 

Cambridge  ;  late  Assistant- Master  at  Eton. 
TRIGONOMETRY  FOR  BEGINNERS,  as  far  as  the  Solution  of 

Triangles.     Globe  8vo.    ,2s.  6d. 
ELEMENTARY  TRIGONOMETRY.      Fourth  Edition  (in  this 

edition  the  chapter   on   logarithms   has  been  carefully  revised). 

Globe  8vo.     4*.  6d. 

Mr.  E.  J.  ROUTH,  D.Sc.,  F.R.S.,  writes:— "It  is  an  able  treatise.    It  takes  the 
difficulties  of  the  subject  one  at  a  time,  and  so  leads  the  young  student  easily  along." 

HIGHER  TRIGONOMETRY.     Globe  8vo.     4*.  6d. 
Both  Parts  complete  in  One  Volume.     Globe  8vo.     yj.  6d. 
(See  also  under  Arithmetic  and  Higher  Mathematics.) 

M'Clelland  and  Preston — A  TREATISE  ON  SPHERICAL 
TRIGONOMETRY.  With  numerous  Examples.  By  WILLIAM 
J.  M'CLELLAND,  Sch.B.A.,  Principal  of  the  Incorporated  Society's 
School,  Santry,  Dublin,  and  THOMAS  PRESTON,  Sch.B.A.  In 
Two  Parts.  Crown  8vo.  Part  I.  To  the  End  of  Solution  of 
Triangles,  4^.  6d.  Part  II.,  5*. 
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Todhunter. — Works  by  I.  TODHUNTER,  M.A.,  F.R.S.,  D.Sc., 

late  of  St.  John's  College,  Cambridge. 
TRIGONOMETRY     FOR     BEGINNERS.       With      numerous 

Examples.     New  Edition.     i8mo.     2s.  6d. 
KEY  TO  TRIGONOMETRY  FOR  BEGINNERS.     Crown  8va 

Ss.  6d. 
PLANE  TRIGONOMETRY.      For  Schools  and  Colleges.      New 

Edition.     Crown  8vo.     $s. 

KEY  TO  PLANE  TRIGONOMETRY.     Crown  8vo.     los.  6d. 
A  TREATISE  ON   SPHERICAL  TRIGONOMETRY.     New 

Edition,  enlarged.     Crown  8vo.     4^.  6d. 

(See  also  under  Arithmetic  and  Mensuration,  Algebra,  and  Higher 
Mathematics.} 

HIGHER  MATHEMATICS. 

Airy. — Worksby  Sir  G.B.AiRY,K.C.B.,  formerly  Astronomer- Royal. 
ELEMENTARY  TREATISE  ON  PARTIAL  DIFFERENTIAL 
EQUATIONS.    Designed  for  the  Use  of  Students  in  the  Univer- 
sities.    With  Diagrams.     Second  Edition.     Crown  8vo.     5-r.  6d. 
ON   THE   ALGEBRAICAL  AND   NUMERICAL    THEORY 
OF  ERRORS    OF   OBSERVATIONS   AND   THE  COMBI- 
NATION  OF   OBSERVATIONS.      Second  Edition,  revised. 
Crown  8vo.     6s.  (>d. 

Alexander  (T.). — ELEMENTARY  APPLIED  MECHANICS. 
Being  the  simpler  and  more  practical  Cases  of  Stress  and  Strain 
wrought  out  individually  from  first  principles  by  means  of  Elemen- 
tary Mathematics.  By  T.  ALEXANDER,  C.E.,  Professor  of  Civil 
Engineering  in  the  Imperial  College  of  Engineering,  Tokei, 
Japan.  Part  I.  Crown  8vo.  4^.  6d. 

Alexander  and  Thomson. — ELEMENTARY  APPLIED 
MECHANICS.  By  THOMAS  ALEXANDER,  C.E.,  Professor  of 
Engineering  in  the  Imperial  College  of  Engineering,  Tokei,  Japan  ; 
and  ARTHUR  WATSON  THOMSON,  C.E.,  B.Sc.,  Professor  of 
Engineering  at  the  Royal  College,  Cirencester.  Part  II.  TRANS- 
VERSE STRESS.  Crown  8vo.  los.  6d. 

Boole. — THE  CALCULUS  OF  FINITE  DIFFERENCES- 
By  G.  BOOLE,  D.C.L.,  F.R.S.,  late  Professor  of  Mathematics  in 
the  Queen's  University,  Ireland.  Third  Edition,  revised  by 
J.  F.  MOULTON.  Crown  8vo.  IQJ.  6d. 

Cambridge  Senate-House  Problems  and   Riders, 

with  Solutions: — 
1875— PROBLEMS   AND   RIDERS.     By  A.   G.    GREENHILL, 

M.A.     Crown  8vo.     Bs.  6d. 

1878— SOLUTIONS  OF  SENATE-HOUSE  PROBLEMS.  By 
the  Mathematical  Moderators  and  Examiners.  Edited  by  J.  W.  L. 
GLAISHER,  M.A.,  Fellow  of  Trinity  College,  Cambridge,  izs. 
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Carll. — A  TREATISE  ON  THE  CALCULUS  OF  VARIA- 
TIONS. Arranged  with  the  purpose  of  Introducing,  as  well  as 
illustrating,  its  Principles  to  the  Reader  by  means  of  Problems, 
and  Designed  to  present  in  all  Important  Particulars  a  Complete 
View  of  the  Present  State  of  the  Science.  By  LEWIS  BUFFETT 
CARLL,  A.M.  Demy  8vo.  2is. 

Cheyne. — AN  ELEMENTARY  TREATISE  ON  THE  PLAN- 

ETARY  THEORY.     By  C.  H.  H.  CHEYNE,  M.A.,  F.R.A.S. 

With  a  Collection  of  Problems.     Third  Edition.     Edited  by  Rev. 

A.  FREEMAN,  M.A.,  F.R.A.S.     Crown  8vo.     yj.  6d. 
Christie.— A    COLLECTION    OF    ELEMENTARY    TEST- 

QUESTIONS  IN  PURE  AND  MIXED  MATHEMATICS ; 

with  Answers  and  Appendices  on  Synthetic  Division,  and  on  the 

Solution  of  Numerical  Equations  by  Horner's  Method.    By  JAMES 

R.    CHRISTIE,    F.R.S.,    Royal   Military    Academy,    Woolwich. 

Crown  8vo.     Bs.  6d. 
Clausius.— MECHANICAL  THEORY   OF   HEAT.      By  R. 

CLAUSIUS.     Translated  by  WALTER   R.    BROWNE,  M.A.,  late 

Fellow  of  Trinity  College,  Cambridge.     Crown  8vo.      los.  6d. 
Clifford. — THE  ELEMENTS  OF  DYNAMIC.    An  Introduction 

to  the  Study  of  Motion  and  Rest  in  Solid  and  Fluid  Bodies.     By  W. 

K.  CLIFFORD,  F.R.S.,  late  Professor  of  Applied  Mathematics  and 

Mechanics  at  University  College,  London.  Parti.— KINEMATIC. 

Crown  8vo.     Books  I— III.    js.  6d.  ;   Book  IV.  and  Appendix 

6s. 

Cockshott    and    Walters. — GEOMETRICAL    CONICS. 

An  Elementary  Treatise.  D-awn  up  in  accordance  with  the 
Syllabus  issued  by  the  Society  for  the  Improvement  of  Geometrical 
Teaching.  By  A.  COCKSHOTT,  M.A.,  formerly  Fellow  and 
Assistant-Tutor  of  Trinity  College,  Cambridge,  and  Assistant- 
Master  at  Eton;  and  Rev.  F.  B.  WALTERS,  M.A.,  Fellow  of 
Queens'  College,  Cambridge,  and  Principal  of  King  William's 
College,  Isle  of  Man.  With  Diagrams.  Crown  8vo. 

[In  the  press. 

Cotterill. — APPLIED  MECHANICS:  an  Elementary  General 
Introduction  to  the  Theory  of  Structures  and  Machines.  By 
JAMES  H.  COTTERILL,  F.R.S.,  Associate  Member  of  the  Council 
of  the  Institution  of  Naval  Architects,  Associate  Member  of  the 
Institution  of  Civil  Engineers,  Professor  of  Applied  Mechanics  in 
the  Royal  Naval  College,  Greenwich.  Medium  8vo.  I&. 

Day  (R.  E.)  —ELECTRIC  LIGHT  ARITHMETIC.  By  R.  E. 
DAY,  M.A.,  Evening  Lecturer  in  Experimental  Physics  at  King's 
College,  London.  Pott  8vo.  2s. 

Drew. — GEOMETRICAL  TREATISE  ON  CONIC  SECTIONS. 
.By  \V.  H.  DREW,  M.A.,  St.  John's  College,  Cambridge.  New 
Edition,  enlarged.  Crown  8vo.  $s. 
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Dyer. — EXERCISES  IN  ANALYTICAL  GEOMETRY.  Com- 
piled and  arranged  by  J.  M.  DYER,  M.A.,  Senior  Mathematical 
Master  in  the  Classical  Department  of  Cheltenham  College.  With 
Illustrations.  Crown  8vo.  45.  6d. 

Eagles. —CONSTRUCTIVE  GEOMETRY  OF  PLANE 
CURVES.  By  T.  H.  EAGLES,  M.A.,  Instructor  in  Geometrical 
Drawing,  and  Lecturer  ia  Architecture  at  the  Royal  Indian  En- 
gineering College,  Cooper's  Hill.  With  numerous  Examples. 
Crown  8vo.  i2s. 

Edgar  (J.  H.)  and  Pritchard  (G.  S.). — NOTE-BOOK  ON 
PRACTICAL  SOLID  OR  DESCRIPTIVE  GEOMETRY. 
Containing  Problems  with  help  for  Solutions.  By  J.  H.  EDGAR, 
M.A.,  Lecturer  on  Mechanical  Drawing  at  the  Royal  School  of 
Mines,  and  G.  S.  PRITCHARD.  Fourth  Edition,  revised  by 
ARTHUR  MEEZE.  Globe  8vo.  4$.  6d. 

Edwards. — THE  DIFFERENTIAL  CALCULUS,  with  Ap- 
plications and  numerous  Examples.  An  Elementary  Treatise  by 
JOSEPH  EDWARDS,  M.A.,  formerly  Fellow  of  Sidney  Sussex 
College,  Cambridge.  Crown  8vo.  IQJ.  6d. 

Ferrers.— Works  by  the  Rev.  N.  M.  FERRERS,  M.A.,  Master  of 
Gonville  and  Caius  College,  Cambridge. 

AN  ELEMENTARY  TREATISE  ON  TRILINEAR  CO- 
ORDINATES, the  Method  of  Reciprocal  Polars,  and  the  Theory 
of  Projectors.  New  Edition,  revised.  Crown  8vo.  6s.  6d. 

AN  ELEMENTARY  TREATISE  ON  SPHERICAL  HAR- 
MONICS, AND  SUBJECTS  CONNECTED  WITH 
THEM.  Crown  8vo.  75.  6d. 

Forsyth,— A  TREATISE  ON  DIFFERENTIAL  EQUA- 
TIONS. By  ANDREW  RUSSELL  FORSYTH,  M.A.,  F.R.S.,  Fellow 
and  Assistant  Tutor  of  Trinity  College,  Cambridge.  8vo.  14^. 
Frost. — Works  by  PERCIVAL  FROST,  M.  A.,  D.Sc.,  formerly  Fellow 
of  St.*  John's  College,  Cambridge  ;  Mathematical  Lecturer  at 
King's' College. 

AN  ELEMENTARY  TREATISE  ON  CURVE  TRACING.  By 
PERCIVAL  FROST,  M.  A.  Svo.  i2v 

SOLID  GEOMETRY.     Third  Edition.     Demy  Svo.      i6j. 

HINTS  FOR  THE  SOLUTION  OF  PROBLEMS  in  the  Third 
Edition  of  SOLID  GEOMETRY.  Svo.  8s.  6d. 

Greaves. — A  TREATISE  ON  ELEMENTARY  STATICS.  By 

JOHN  GREAVES,  M.A.,  Fellow  and  Mathematical  Lecturer  of 
Christ's  College,  Cambridge.  Crown  Svo.  6s.  6J. 
Greenhill.— DIFFERENTIAL  AND  INTEGRAL  CAL- 
CULUS. With  Applications.  By  A.  G.  GREENHILL,  M.A., 
Professor  of  Mathematics  to  the  Senior  Class  of  Artillery  Officers, 
Woolwich,  and  Examiner  in  Mathematics  to  the  University  of 
London.  Crown  Svo.  "js.  6d. 
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Hemming. — AN    ELEMENTARY    TREATISE    ON    THE 
DIFFERENTIAL  AND  INTEGRAL  CALCULUS,   for  th 
Use  of  Colleges  and  Schools.     By  G.  W.    HEMMING,    M.A. 
Fellow  of  St.  John's  College,  Cambridge.      Second  Edition,  wit] 
Corrections  and  Additions.    8vo.     gs. 

Ibbetson.— THE  MATHEMATICAL  THEORY  OF  PER 
FECTLY  ELASTIC  SOLIDS,  with  a  short  account  of  Viscou 
Fluids.  An  Elementary  Treatise.  By  WILLIAM  JOHN  IBBETSON 
M.A.,  Fellow  of  the  Royal  Astronomical  Society,  and  of  the  Cam 
bridge  Philosophical  Society,  Member  of  the  London  Mathematica 
Society,  late  Senior  Scholar  of  Clare  College,  Cambridge.  8vo.  2is 

Jellett  (John  H.). — A  TREATISE  ON  THE  THEORY  OF 

FRICTION.     By  JOHN  H.  JELLETT,  B.D.,  Provost  of  Trinity 

College,  Dublin;  President  of  the  Royal  Irish  Academy.     8vo 

Ss.  6d. 
Johnson. — Works  by  WILLIAM  WOOLSEY  JOHNSON,  Professor  o 

Mathematics  at  the  U.S.  Naval  Academy,  Annopolis,  Maryland. 
INTEGRAL    CALCULUS,    an    Elementary  Treatise     on    the 

Founded  on  the  Method  of  Rates  or  Fluxions.     Demy  8vo.     8s. 
CURVE    TRACING    IN     CARTESIAN    CO-ORDINATES 

Crown  8vo.     4*.  6d. 
Jones.— EXAMPLES  IN  PHYSICS.     By  D.  E.  JONES,  B.Sc. 

Lecturer  in  Physics  in  University  College,  Aberystwyth.     Fcap 

8vo.  [/»  the  press 

Kelland  and   Tait. — INTRODUCTION   TO    QUATER 

NIONS,  with  numerous  examples.  By  P.  KELLAND,  M.A. 
F.R.S.,  and  P.  G.  TAIT,  M.A.,  Professors  in  the  Department  o 
Mathematics  in  the  University  of  Edinburgh.  Second  Edition 
Crown  8vo.  'js.  6d. 
Kempe. — HOW  TO  DRAW  A  STRAIGHT  LINE :  a  Lectur 
on  Linkages.  By  A.  B.  KEMPE.  With  Illustrations.  Crown  8vo 
is.  6d.  (Nature  Series.) 

Kennedy.— THE  MECHANICS  OF  MACHINERY.     By  A 
B.  W.   KENNEDY,   M.Inst.C.E.,   Professor  of  Engineering  and 
Mechanical   Technology  in  University   College,  London.      Wit! 
Illustrations.     Crown  8vo.     12s.  6d. 

Knox.— DIFFERENTIAL  CALCULUS  FOR  BEGINNERS 
By  ALEXANDER  KNOX.  Fcap.  8vo.  $s.  6d. 

Lock.— Works    by    the    Rev.    J.  B.    LOCK,     M.A.,    Author    o 

"Trigonometry,"  "  Arithmetic  for  Schools,"  &c.,  and  Teacher  o 

Physics  in  the  University  of  Cambridge. 

HIGHER  TRIGONOMETRY. 

DYNAMICS  FOR   BEGINNERS.     Globe  8vo.     3*.  6d. 
STATICS    FOR    BEGINNERS.     Globe  8vo.      \Inpreparaticn 
(See  also  under  Arithmetic  and  Trigonometry.} 
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Lupton. — CHEMICAL  ARITHMETIC.  With  1,200  Examples. 
By  SYDNEY  LUPTON,  M.A.,  F.C.S.,  F.I.C.,  formerly  Assistant 
Master  in  Harrow  School.  Second  Edition.  Fcap.  Svo.  45.  6d. 

Macfarlane,— PHYSICAL  ARITHMETIC.  By  ALEXANDER 
MACFARLANE,  M.  A.,  D.Sc.,  F.R.S.E.,  Examiner  in  Mathematics 
to  the  University  of  Edinburgh.  Crown  Svo.  7^.  6d. 

MacGregOF.— KINEMATICS  AND  DYNAMICS.  An  Ele- 
mentary Treatise.  By  J.  G.  MACGREGOR,  Professor  of  Physics 
in  Dalhousie  College,  Halifax,  Nova  Scotia.  Cr.  Svo.  [In  the  press. 

Merriman. — A  TEXT  BOOK  OF  THE  METHOD  OF  LEAST 
SQUARES.  By  MANSFIELD  MERRIMAN,  Professor  of  Civil 
Engineering  at  Lehigh  University,  Member  of  the  American 
Philosophical  Society,  American  Association  for  the  Advancement 
of  Science,  &c.  Demy  Svo.  8s.  6d. 

Millar. — ELEMENTS  OF  DESCRIPTIVE  GEOMETRY.  By 
J.B.  MILLAR,  C.E.,  Assistant  Lecturer  in  Engineering  in  Owens 
College,  Manchester.  Crown  Svo.  6s. 

Milne.— WEEKLY  PROBLEM  PAPERS.  With  Notes  intended 
for  the  use  of  students  preparing  for  Mathematical  Scholarships,  and 
for  the  Junior  Members  of  the  Universities  who  are  reading  for  Mathe- 
matical Honours.  By  the  R-rv.  JOHN  J.  MILNE,  M.A.,  formerly 
Second  Master  of  Heversham  Grammar  School.  Pott  Svo.  4^.  6d. 
SOLUTIONS  TO  WEEKLY  PROBLEM  PAPERS.  By  the 

same  Author.     Crown  Svo.     ios.  6d. 

COMPANION    TO   "WEEKLY   PROBLEM    PAPERS."     By 
the  same  Author.     Crown  Svo.  [Nearly  ready. 

Muir. — A  TREATISE  ON  THE  THEORY  OF  DETERMI- 
NANTS. With  graduated  sets  of  Examples.  For  use  in 
Colleges  and  Schools.  By  THOS.  MUIR,  M.A.,  F.R.S.E., 
Mathematical  Master  in  the  High  School  of  Glasgow.  Crown 
Svo.  is.  6d. 

Parkinson.— AN  ELEMENTARY  TREATISE  ON  ME- 
CHANICS.  For  the  Use  of  the  Junior  Classes  at  the  University 
and  the  Higher  Classes  in  Schools.  By  S.  PARKINSON,  D.D.', 
F.R.S.,  Tutor  and  Pnelector  of  St.  John's  College,  Cambridge. 
With  a  Collection  of  Examples.  Sixth  Edition,  revised.  Crow.i 
Svo.  9-r.  6d. 

Pirie. — LESSONS  ON  RIGID  DYNAMICS.  By  the  Rev.  G. 
PIRIE,  M.A.,  late  Fellow  and  Tutor  of  Queen's  College,  Cam 
bridge;  Professor  of  Mathematics  in  the  University  of  Aberdeen. 
Crown  Svo.  6s. 

Puckle.— AN  ELEMENTARY  TREATISE  ON  CONIC  SEC- 
TIONS AND  ALGEBRAIC  GEOMETRY.  With  Numerou ; 
Examples  and  Hints  for  their  Solution  ;  especially  designed  for  thj 
Use  of  Beginners.  By  G.  H.  PUCKLE,  M.A.  Fifth  Edition, 
revised  and  enlarged.  Crown  Svo.  "js.  6d. 
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Reuleaux.— THE  KINEMATICS  OF  MACHINERY.  Ouf 
lines  of  a  Theory  of  Machines.  By  Professor  F.  REULEAUX. 
Translated  and  Edited  by  Professor  A.  B.  W.  KENNEDY,  C.E. 
With  450  Illustrations.  Medium  8vo.  2is. 

Rice  and  Johnson — DIFFERENTIAL    CALCULUS,   an 

Elementary  Treatise  on  the  ;  Founded  on  the  Method  of  Rates  or 
Fluxions.  By  JOHN  MINOT  RICE,  Professor  of  Mathematics  in 
the  United  States  Navy,  and  WILLIAM  WOOLSEV  JOHNSON,  Pro- 
fessor of  .Mathematics  at  the  United  States  Naval  Academy. 
Third  Edition,  Revised  and  Corrected.  Demy  8vo.  i6s. 
Abridged  Edition,  85-. 

Robinson.— TREATISE  ON  MARINE  SURVEYING.  Pre- 
pared  for  the  use  of  younger  Naval  Officers.  WTith  Questions  for 
Examinations  and  Exercises  principally  from  the  Papers  of  th-j 
Royal  Naval  College.  With  the  results.  By  Rev.  JOHN  L. 
ROBINSON,  Chaplain  and  Instructor  in  the  Royal  Naval  College, 
Greenwich.  With  Illustrations.  Crown  8vo.  TS.  6d. 

CONTENTS. — Symbols  used  in  Charts  and  Surveying — The  Construction  and  Use 
of  Scales — Laying  off  Angles — Fixing  Positions  by  Angles  —  Charts  and  Chart- 
Drawing — Instruments  and  Observing  —  Base  Lines— Triangulation — Levelling  — 
Tides  and  Tidal  Observations— Soundings — Chronometers — Meridian  Distances 
—Method  of  Plotting  a  Survey— Miscellaneous  Exercises— Index. 

Routh. — Works   by    EDWARD    JOHN     ROUTH,    D.Sc.,    LL.D., 

F.R.S.,  Fellow  of  the  University  of  London,  Hon.  Fellow  of  St. 

Peter's  College,  Cambridge. 

A  TREATISE  ON  THE  DYNAMICS  OF  THE  SYSTEM  OF 

RIGID    BODIES.      With   numerous    Examples.       Fourth   and 

enlarged  Edition.     Two  Vols.     8vo.     Vol.  I. — Elementary  Parts. 

14*.     Vol.  II.— The  Advanced  Parts.     14^. 

STABILITY   OF   A   GIVEN    STATE    OF   MOTION,    PAR- 

TICULARLY  STEADY  MOTION.     Adams'  Prize  Essay  for 

1877.     8vo.     8j.  6d. 

Smith   (C.).— Works  by  CHARLES   SMITH,    M.A.,    Fellow  and 

Tutor  of  Sidney  Sussex  College,  Cambridge. 

CONIC  SECTIONS.    Fourth  Edition.     Crown  8vo.     7*.  6d. 

AN  ELEMENTARY  TREATISE  ON   SOLID   GEOMETRY. 

Second  Edition.     Crown  8vo.     gs.  6d.     (See  also  under  Algebra. 

Tait  and  Steele.— A  TREATISE  ON  DYNAMICS  OF  A 

PARTICLE.  With  numerous  Examples.  By  Professor  TAII 
and  Mr.  STEELE.  Fifth  Edition,  revised.  Crown  8vo.  \2s. 

Thomson.— A  TREATISE  ON  THE  MOTION  OF  VORTEX 

RINGS.  An  Essay  to  which  the  Adams  Prize  was  adjudged  ir 
1882  in  the  University  of  Cambridge.  By  |.  J.  THOMSON,  Fellov 
of  Trinity  College,  Cambridge,  and  Professor  of  Experimenta 
Physics  in  the  University.  With  Diagrams.  8vo.  6*. 
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Todhunter. — Works  by  I.  TODHUNTER,  M.A.,  F.R.S.,  D.Sc., 

late  of  St.  John's  College,  Cambridge. 

"  Mr.  Todhunter  is  chiefly  known  to  students  of  Mathematics  as  the  author  of  a 
series  of  admirable  mathematical  text-books,  which  possess  the  rare  qualities  of  being 
clear  in  style  and  absolutely  free  from  mistakes,  typographical  and  other." — 
SATURDAY  REVIEW. 

MECHANICS   FOR   BEGINNERS.      With  numerous  Examples. 

New  Edition.     iSino.     4^.  6d. 

KEY  TO  MECHANICS  FOR  BEGINNERS.   Crown  8vo.  6s.  6d. 
AN   ELEMENTARY   TREATISE    ON    THE    THEORY   OF 

EQUATIONS.     New  Edition,  revised.     Crown  8vo.     "js.  6d. 
PLANE  CO-ORDINATE  GEOMETRY,  as  applied  to  the  Straight 

Line  and  the  Conic  Sections.     With  numerous  Examples.     New 

Edition,  revised  and  enlarged.     Crown  8vo.     Js.  6d. 
KEY  TO  CONIC  SECTIONS.     By  C.  W.  BOURNE,  M.A.  Head 

Master  of  the  College,  Inverness.     Crown  Svo.  [In  the  press. 

A  TREATISE  ON  THE  DIFFERENTIAL  CALCULUS.    With 

numerous  Examples.     New  Edition.     Crown  Svo.      IQs.  6d. 
A  KEY.     By  H.  ST.  J.  HUNTER,  M.A.  [In  the  press. 

A  TREATISE  ON  THE  INTEGRAL  CALCULUS  AND  ITS 

APPLICATIONS.     With  numerous  Examples.      New  Edition, 

revised  and  enlarged.     Crown  Svo.      io.r.  6d. 
EXAMPLES   OF   ANALYTICAL   GEOMETRY   OF  THREE 

DIMENSIONS.     New  Edition,  revised.     Crown  Svo.     4*. 
A  TREATISE  ON  ANALYTICAL  STATICS.      New  Edition, 

revised  by  Professor  J.  D.  EVERETT,  F.R.S.     Crown  Svo. 

[In  the  press. 
A    HISTORY    OF    THE    MATHEMATICAL    THEORY    OF 

PROBABILITY,   from  the  time  of   Pascal    to  that    of  Laplace. 

Svo.     iBs. 
A  HISTORY   OF  THE  MATHEMATICAL  THEORIES  OF 

ATTRACTION,  AND   THE  FIGURE   OF   THE   EARTH, 

from  the  time  of  Newton  to  that  of  Laplace.     2  vols.     Svo.     2^s. 
AN  ELEMENTARY  TREATISE  ON  LAPLACE'S,  LAME'S, 

AND  BESSEL'S  FUNCTIONS.     Crown  Svo.      los.  6V/. 
(See  also  under  Arithmetic  and  Mensuration,  Algebra,  and  Trigonometry.} 

Wilson  (J.  M.).— SOLID  GEOMETRY  AND  CONIC  SEC- 
TIONS.  Writh  Appendices  on  Transversals  and  Harmonic  iJivision. 
For  the  Use  of  Schools.  By  Rev.  J.  M.  WILSON,  M.A.  Head 
Master  of  Clifton  College.  New  Edition.  Extra  fcap.  Svo.  $s.  6d. 

Woolwich   Mathematical    Papers,  for  Admission  into 

the  Royal  Military  Academy,   Woolwich,   iSSo — 1884   inclusive. 
Crown  Svo.      $s.  6d. 

Wolstenholme.— MATHEMATICAL  PROBLEMS,  on  Sub- 
jects included  in  the  First  and  Second  Divisions  of  the  Schedule  of 
subjects  for  the  Cambridge  Mathematical  Tripos  Examination. 
Devised  and  arranged  by  JOSEPH  WOLSTEN HOLME,  DrSc.,  late 
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Fellow  of  Christ's  College,  sometime  Fellow  of  St.  John's  College, 
and  Professor  of  Mathematics  in  the  Royal  Indian  Engineering 
College.     New  Edition,  greatly  enlarged.     8vo.     iSs. 
EXAMPLES   FOR   PRACTICE  IN   THE   USE   OF   SEVEN- 
FIGURE  LOGARITHMS.  By  the  same  Author.  [In  preparation. 


SCIENCE. 

(i)  Natural  Philosophy,  (2)  Astronomy,  (3) 
Chemistry,  (4)  Biology,  (5)  Medicine,  (6)  Anthro- 
pology, (7)  Physical  Geography  and  Geology,  (8) 
Agriculture. 

NATURAL  PHILOSOPHY. 

Airy. — Works  by  Sir  G.  B.  AIRY,  K.C.B.,  formerly  Astronomer- 
Royal. 

ON  SOUND  AND    ATMOSPHERIC   VIBRATIONS.      With 

the  Mathematical  Elements  of  Music.     Designed  for  the  Use  of 

Students  in  the  University.    Second  Edition,  revised  and  enlarged. 

Crown  8vo      9$. 

A  TREATISE  ON  MAGNETISM.      Designed  for  the   Use  of 

Students  in  the  University.     Crown  8vo.     Qr.  6d. 
GRAVITATION :  an  Elementary  Explanation  of  the  Principal  Per- 
turbations in  the  Solar  System.  Second  Edition,  Crown  8vo.  js.  6d. 
Alexander  (T.). — ELEMENTARY  APPLIED  MECHANICS. 
Being  the  simpler  and  more  practical  Cases  of  Stress  and  Strain 
wrought  out  individually  from  first  principles  by  means  of  Ele- 
mentary Mathematics.     By  T.  ALEXANDER,  C.E.,  Professor  of 
Civil  Engineering  in  the  Imperial  College  of  Engineering,  Tokei, 
Japan.     Crown  8vo.     Part  I.     4^.  6d. 

Alexander  —  Thomson.  —  ELEMENTARY  APPLIED 
MECHANICS.  By  THOMAS  ALEXANDER,  C.E.,  Professor  of 
Engineering  in  the  Imperial  College  of  Engineering,  Tokei,  Japan  : 
and  ARTHUR  WATSON  THOMSON,  C.E.,  B.Sc.,  Professor  of 
Engineering  at  the  Royal  College,  Cirencester.  Part  II.  TRANS- 
VSBSE  STRESS  ;  upwards  of  150  Diagrams,  and  200  Examples 
carefully  worked  out.  Crown  8vo.  los.  6d. 

Ball  (R.  S.). — EXPERIMENTAL  MECHANICS.  A  Course  of 
Lectures  delivered  at  the  Royal  College  of  Science  for  Ireland. 
By  Sir  R.  S.  BALL,  M.A.,  Astronomer  Royal  for  Ireknd. 
Cheaper  Issue.  Royal  8vo.  los.  6d. 

Bottomley.— FOUR  FIGURE  MATHEMATICAL  TABLES 
FOR  PHYSICAL  CALCULATION.  By  J.  T.  BOTTOMLEY, 
M.A.,  F.R.S.E.,  Demonstrator  in  Experimental  Physics  in  the 
University  of  Glasgow.  8vo.  [In  the  press. 
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Chisholm.  —  THE    SCIENCE    OF    WEIGHING    AND 

MEASURING,  AND  THE  STANDARDS  OF  MEASURE 
AND  WEIGHT.  By  H.  W.  CHISHOLM,  Warden  of  the  Standards. 
With  numerous  Illustrations.  Crown  8vo.  4*.  6d.  (Nature  Series). 

Clausius. — MECHANICAL  THEORY  OF  HEAT.  By  R. 
CLAUSIUS.  Translated  by  WALTER  R.  BROWNE,  M.A.,  late 
Fellow  of  Trinity  College,  Cambridge.  Crown  8vo.  los.  6d. 

Cotterill. — APPLIED  MECHANICS  :  an  Elementary  General 
Introduction  to  the  Theory  of  Structures  and  Machines.  By 
JAMES  H.  COTTERILL,  F.R.S.,  Associate  Member  of  the  Council 
of  the  Institution  of  Naval  Architects,  Associate  Member  of  the 
Institution  of  Civil  Engineers,  Professor  of  Applied  Mechanics  in 
•  the  Royal  Naval  College,  Greenwich.  Medium  8vo.  i8.r. 

Gumming. — AN  INTRODUCTION  TO  THE  THEORY  OF 

ELECTRICITY.  By  LINN^US  GUMMING,  M.A.,  one  of  the 
Masters  of  Rugby  School.  With  Illustrations.  Crown  8vo. 
Ss.  6d. 

Daniell. — A  TEXT-BOOK  OF  THE  PRINCIPLES  OF 
PHYSICS.  By  ALFRED  DANIELL,  M.A.,  LL.B.,  D.Sc., 
F.R.S.E.,  late  Lecturer  on  Physics  in  the  School  of  Medicine, 
Edinburgh.  With  Illustrations.  Second  Edition.  Revised  and 
Enlarged.  Medium  Svo.  2is. 

Day.— ELECTRIC  LIGHT  ARITHMETIC.  By  R.  E.  DAY, 
M.A.,  Evening  Lecturer  in  Experimental  Physics  at  King's 
College,  London.  Pott  Svo.  2s. 

Everett. — UNITS  AND  PHYSICAL  CONSTANTS.  By  j.  D. 

EVERETT,  M.A.,  D.C.L.,  F.R.S.,  F.R.S.E.,  Professor  of 
Natural  Philosophy,  Queen's  College,  Belfast.  Second  Edition. 
Extra  fcap.  Svo.  $s. 

Gray — ABSOLUTE  MEASUREMENTS  IN  ELECTRICITY 

AND  MAGNETISM.  By  ANDREW  GRAY,  M.A.,  F.R.S.E., 
Professor  of  Physics  in  the  University  College  of  North  Wales. 
Crown  Svo.  [New  Edition  in  the  press. 

Grove.— A  DICTIONARY  OF  MUSIC  AND  MUSICIANS. 
(A.D.  1450 — 1886).  By  Eminent  Writers,  English  and  Foreign. 
Edited  by  Sir  GEORGE  GROVE,  D.C.L.,  Director  of  the  Royal 
College  of  Music,  &c.  Demy  Svo. 

Vols.  I.,  II.,  and  III.     Price  21  s.  each. 

Vol.  I.  A  to  IMPROMPTU.  Vol.  II.  IMPROPERLY  to 
PLAIN  SONG.  Vol.  III.  PLANCHE  TO  SUMER  IS 
ICUMEN  IN.  Demy  Svo.  cloth,  with  Illustrations  in  Music 
Type  and  Woodcut.  Also  published  in  Parts.  Parts  I.  to  XIV., 
Parts  XIX— XXL,  price  y.  6d.  each.  Parts  XV.,  XVL,  price  7*. 
Parts  XVII.,  XVIII.,  price  ^s.  [Part  XXII.  immediately. 

"Dr.  Grove's  Dictionary  will  be  a  boon  to  every  intelligent  lover  of  music."— 

SATURDAY  REVIEW. 
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Huxley.— INTRODUCTORY  PRIMER  OF  SCIENCE.  By  T. 
H.  HUXLEY,  F.R.S.,  &c.  i8mo.  is. 

Ibbetson. — THE  MATHEMATICAL  THEORY  OF  PER- 
FECTLY ELASTIC  SOLIDS,  with  a  Short  Account  of  Viscous 
Fluids.  An  Elementary  Treatise.  By  WILLIAM  JOHN  IBBETSON, 
B.A.,F.R.A.S.,  Senior  Scholar  of  Clare  College,  Cambridge.  8vo. 

Jones.— EXAMPLES  IN  PHYSICS.  By  D.  E.  JONES,  B.Sc. 
Lecturer  in  Physics  in  University  College,  Aberystwyth.  Fcap.  8vo. 

[in  the  press. 

Kempe.— HOW  TO  DRAW  A  STRAIGHT  LINE  ;  a  Lecture 

on  Linkages.  By  A.  B.  KEMPE.  With  Illustrations.  Crown 
8vo.  i s.  6d.  (Nature  Series. ) 

Kennedy.— THE  MECHANICS  OF  MACHINERY.  By  A.  B. 

W.  KENNEDY,  M.lnst.C.E.,  Professor  of  Engineering  and  Mechani- 
cal Technology  in  University  College,  London.  With  numerous 
Illustrations.  Crown  8vo.  12s.  6d. 

Lang.— EXPERIMENTAL  PHYSICS.  By  P.  R.  SCOTT  LANG, 
M.A.,  Profe'ssor  of  Mathematics  in  the  University  of  St.  Andrews. 
With  Illustrations.  Crown  8vo.  \In  the  press. 

Lock. — Works  by  Rev.  J.  B.  LOCK,  M.A.,  Senior  Fellow,  Assistant 
Tutor,  and  Lecturer  in  Mathematics  and  Physics,  of  Gonville  and 
Caius  College,  Teacher  of  Physics  in  the  University  of  Cam- 
bridge, &c. 

DYNAMICS  FOR  BEGINNERS.     Globe  8vo.     3*.  6d. 
STATICS  FOR  BEGINNERS.     Globe  8vo.          {In preparation. 
Lupton.— NUMERICAL  TABLES    AND   CONSTANTS   IN 
ELEMENTARY   SCIENCE.      By  SYDNEY    LUPTON,    M.A,. 
F.C.S.,  F.I.C.,  Assistant  Master  at  Harrow  School.     Extra  fcap. 
8vo.     2s.  6d. 

Macfarlane,— PHYSICAL  ARITHMETIC.  By  ALEXANDER 
MACFARLANE,  D.Sc.,  Examiner  in  Mathematics  in  the  University 
of  Edinburgh.  Crown  8vo.  "js.  6d. 

Macgregor.— KINEMATICS  AND  DYNAMICS.  An  Ele- 
mentary Treatise.  By  J.  G.  MACGREGOR,  M.A.,  Professor  of 
Physics  in  Dalhousie  College,  Halifax,  Nova  Scotia.  With 
Illustrations.  Crown  8vo.  [/«  the  press. 

Mayer. — SOUND  :  a  Series  of  Simple,   Entertaining,  and  Inex- 
pensive Experiments  in  the  Phenomena  of  Sound,  for  the  Use  ot 
Students  of  every  age.     By  A.  M.  MAYER,  Professor  of  Physics 
in   the  Stevens  Institute  of   Technology,   &e.      With   numerous 
Illustrations.     Crown  8vo.     zs.  6d.     (Nature  Series.) 
Mayer  and   Barnard.— LIGHT  :  a  Series  of  Simple,  Enter- 
taining, and  Inexpensive  Experiments  in  the  Phenomena  of  Light, 
for  the  Use  of  Students  of  every  age.     By  A.  M.  MAYER  and  C. 
BARNARD.     With  numerous  Illustrations.     Crown  8vo.     2s.  6d. 
(Nature  Serifs.) 
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Newton. — PRINCIPIA.     Edited  by  Professor  Sir  W.  THOMSON 

and  Professor  BLACKBURNE.     4to,  cloth.     $is.  6d. 
THE   FIRST   THREE   SECTIONS   OF    NEWTON'S  PRIN- 
CIPIA.    With  Notes  and  Illustrations.       Also  a  Collection  of 
Problems,  principally  intended  as  Examples  of  Newton's  Methods. 
By  PERCIVAL  FROST,  M.A.     Third  Edition.     8vo.     izs. 

Parkinson. — A  TREATISE  ON  OPTICS.  By  S.  PARKINSON, 
D.D.,  F.R.S.,  Tutor  and  Prelector  of  St.  John's  College,  Cam- 
bridge. Fourth  Edition,  revised  and  enlarged.  Crown  8vo.  los.  6d. 

Perry. —STEAM.  AN  ELEMENTARY  TREATISE.  By 
JOHN  PERRY,  C.E.,  Whit  worth  Scholar,  Fellow  of  the  Chemical 
Society,  Professor  of  Mechanical  Engineering  and  Applied  Mech- 
anics at  the  Technical  College,  Finsbury.  With  numerous  Wood- 
cuts and  Numerical  Examples  and  Exercises.  i8mo.  4^.  6d. 

Ramsay.—  EXPERIMENTAL  PROOFS  OF  CHEMICAL 
THEORY  FOR  BEGINNERS.  By  WILLIAM  RAMSAY,  Ph.D., 
Professor  of  Chemistry  in  University  College,  Bristol.  Pott  8vo. 
2s.  6d. 

Rayleigh. — THE  THEORY  OF  SOUND.  By  LORD  RAYLEIGH, 
M.A.,  F.R.S.,  formerly  Fellow  of  Trinity  College,  Cambridge, 
Svo.  Vol.  I.  I2S.  6d.  Vol.  II.  I2s.  6d.  [FbL  ///.  in  the  press. 

Reuleaux.— THE  KINEMATICS  OF  MACHINERY.  Out- 
lines of  a  Theory  of  Machines.  By  Professor  F.  REULEAUX. 
Translated  and  Edited  by  Professor  A.  B.  W.  KENNEDY,  C.E. 
With  450  Illustrations.  Medium  Svo.  2ls. 

Roscoe  and  Schuster.—SPECTRUM  ANALYSIS.  Lectures 
delivered  in  1868  before  the  Society  of  Apothecaries  of  London. 
By  Sir  HENRY  E.  ROSCOE,  LL.D.,  F.R.S.,  formerly  Professor  of 
Chemistry  in  the  Owens  College,  Victoria  University,  Manchester. 
Fourth  Edition,  revised  and  considerably  enlarged  by  the  Author 
and  by  ARTHUR  SCHUSTER,  F.R.S.,  Ph.D.,  Professor  of  Applied 
Mathematics  in  the  Owens  College,  Victoria  University. 
With  Appendices,  numerous  Illustrations,  and  Plates.  Medium 
Svo.  21  s. 

Shann. — AN  ELEMENTARY  TREATISE  ON  HEAT,  IN 
RELATION  TO  STEAM  AND  THE  STEAM-ENGINE. 
By  G.  SHANN,  M.A.  With  Illustrations.  Crown  Svo.  4^.  6d. 

SpOttiswoode. — POLARISATION  OF  LIGHT.  By  the  late 
W.  SPOTTISWOODE,  F.R.S.  With  many  Illustrations.  New 
Edition.  Crown  Svo.  3-r.  6d.  (Nature  Series.} 

Stewart  (Balfour). — Works  by  BALFOUR  STEWART,  F.R.S., 
Professor  of  Natural  Philosophy  in  the  Owens  College,  Victoria 
University,  Manchester. 

PRIMER    Or    PHYSICS.     With   numerous   Illustrations.      New 
Edition,  with  Questions.     iSmo.      is.     (Science  Primers.} 
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Stewart  (Balfour). — Works  by  BALFOUR  STEWART,  F.R.S., 

&c.  (continued] — 

LESSONS  IN  ELEMENTARY  PHYSICS.  With  numerous 
Illustrations  and  Chromolitho  of  the  Spectra  of  the  Sun,  Stars, 
and  Nebulae.  New  Edition.  Fcap.  8vo.  45.  6d. 
QUESTIONS  ON  BALFOUR  STEWART'S  ELEMENTARY 
LESSONS  IN  PHYSICS.  By  Prof.  THOMAS  H.  CORE,  Owens 
College,  Manchester.  Fcap.  8vo.  2s. 

Stewart  and  Gee. — ELEMENTARY  PRACTICAL  PHY- 
SICS, LESSONS  IN.  By  Professor  BALFOUR  STEWART,  M.  A., 
LL.D.,  F.R.S.,  and  W.  W.  HALDANE  GEE,  B.Sc.  Crown  8vo. 

Vol.  I.— GENERAL  PHYSICAL  PROCESSES.     6s. 

Vol.  II.—  ELECTRICITY  AND  MAGNETISM,     js.  6d. 

Vol.  III.— OPTICS,  HEAT,  AND  SOUND.          \_Inpreparation. 

A  SCHOOL  COURSE  OF  PRACTICAL  PHYSICS.  By  the 
same  Authors. 

Part  I.— ELECTRICITY  AND  MAGNETISM.         [In  the  press. 

Stokes. — ON  LIGHT.  Being  the  Burnett  Lectures,  delivered  in 
Aberdeen  in  1883,  1884-1885.  By  GEORGE  GABRIEL  STOKES, 
M.A.,  P.R.S.,  &c.,  Fellow  of  Pembroke  College,  and  Luca-ian 
Professor  of  Mathematics  in  the  University  of  Cambridge.  First 
Course :  ON  THE  NATURE  OF  LIGHT.— Second  Course*:  ON 
LIGHT  AS  A  MEANS  OF  INVESTIGATION. — Third  Course  :  ON  THE 
BENEFICIAL  EFFECTS  OF  LIGHT.  Crown  8vo.  2s.  6d.  each.  Also 
complete  in  one  volume.  Is.  6d. 

Stone.— AN  ELEMENTARY  TREATISE  ON  SOUND.  By 
W.  H.  STONE,  M.D.  With  Illustrations.  i8mo.  y.  6d. 

Tait— HEAT.  By  P.  G.  TAIT,  M.A.,  Sec.  R.S.E.,  formerly 
Fellow  of  St.  Peter's  College,  Cambridge,  Professor  of  Natural 
Philosophy  in  the  University  of  EdinburgX.  Crown  8vo.  6s. 

Thompson. — ELEMENTARY  LESSONS  IN  ELECTRICITY 
AND  MAGNETISM.  By  SILVANUS  P.  THOMPSON,  Principal 
and  Professor  of  Physics  in  the  Technical  College,  Finsbury.  With 
Illustrations.  New  Edition.  Fcap.  8vo.  4-r.  6d. 

Thomson.— ELECTROSTATICS  AND  MAGNETISM,  RE- 
PRINTS OF  PAPERS  ON.  By  Sir  WILLIAM  THOMSON, 
D.C.L.,  LL.D,,  F.R.S.,  F.R.S.E.,  Fellow  of  St.  Peter's  College, 
Cambridge,  and  Professor  of  Natural  Philosophy  in  the  University 
of  Glasgow.  Second  Edition.  Medium  8vo.  iSs. 
THE  MOTION  OF  VORTEX  RINGS,  A  TREATISE  ON. 
An  Essay  to  which  the  Adams  Prize  was  adjudged  in  1882  in 
the  University  of  Cambridge.  By  J.  J.  THOMSON,  Fellow  of 
Trinity  College,  Cambridge,  and  Professor  of  Experimental  Physics 
in  the  University.  With  Diagrams.  8vo.  6s. 
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Todhunter.— NATURALPHILOSOPHY  FOR  BEGINNERS. 

By  I.  TODHUNTER,  M.A.,  F.R.S.,  D.Sc. 

Part  I.  The  Properties  of  Solid  and  Fluid  Bodies.     l8mo.     35.  6d. 
Part  II.  Sound,  Light,  and  Heat.     iSmo.     3^.  6d. 

Turner.— HEAT  AND  ELECTRICITY,  A  COLLECTION  OF 
EXAMPLES  ON.  By  H.  H.  TURNER,  B.  A.,  Fellow  of  Trinity 
College,  Cambridge.  Crown  8vo.  2s.  6d. 

Wright  (Lewis).  —  LIGHT;  A  COURSE  OF  EXPERI- 
MENTAL OPTICS,  CHIEFLY  WITH  THE  LANTERN. 
By  LEWIS  WRIGHT.  With  nearly  200  Engravings  and  Coloured 
Plates.  Crown  8vo.  'js.  6d. 

ASTRONOMY. 

Airy. — POPULAR  ASTRONOMY.  With  Illustrations  by  Sir 
G.  B.  AIRY,  K.C.B.,  formerly  Astronomer-Royal.  New  Edition. 
iSmo.  4-r.  6d. 

Forbes.— TRANSIT    OF    VENUS.      By   G.    FORBES,    M.A., 
Professor  of  Natural  Philosophy  in  the  Andersonian  University, 
Glasgow.     Illustrated.     Crown  8vo.     3*.  6d.     (Nature  Series.) 
Godfray. — Works    by    HUGH    GODFKAY,    M.A.,    Mathematical 

Lecturer  at  Pembroke  College,  Cambridge. 
A  TREATISE  ON  ASTRONOMY,  for  the  Use  of  Colleges  and 

Schools.     Fourth  Edition.     8vo.     izs.  6d. 

AN  ELEMENTARY  TREATISE  ON  THE  LUNAR  THEORY, 
with  a  Brief  Sketch  of  the  Problem  up  to  the  time  of  Newton. 
Second  Edition,  revised.     Crown  8vo.     $s.  6d. 
Lockyer. — Works  by  J.  NORMAN  LOCKYER,  F.R.S. 
PRIMER    OF    ASTRONOMY.       With    numerous    Illustrations. 

New  Edition.     i8mo.     is.     (Science  Primers.) 
ELEMENTARY  LESSONS  IN  ASTRONOMY.     With  Coloured 
Diagram  of  the  Spectra  of  the   Sun,    Stars,    and   Nebulae,  and 
numerous  Illustrations.     New  Edition.     Fcap.  8vo.     $s.  6d. 
QUESTIONS  ON  LOCKYER'S  ELEMENTARY  LESSONS  IN 
ASTRONOMY.     For  the  Use  of  Schools.     By  JOHN  FORBES- 
ROBERTSON.     i8mo,  cloth  limp      u.  6d. 

THE  CHEMISTRY  OF  THE  SUN.  Withlllust  DemySvo.   14*. 
Newcomb. — POPULAR  ASTRONOMY.     By  S.   NEWCOMB, 
LL.D.,  Professor  U.S.  Naval  Observatory.    With  112  Illustrations 
and  5  Maps  of  the  Stars.     Second  Edition,  revised.     8vo.     iSs. 
"It  is  unlike  anything  else  of  its  kind,  and  will  be  of  more  use  in  circulating  a 
knowledge  of  Astronomy  than  nine-tenths  of  the  books  which  have  appeared  on  the 
subject  of  late  years." — SATURDAY  REVIEW. 

CHEMISTRY. 

Armstrong.— A  MANUAL  OF  INORGANIC  CHEMISTRY. 
By  HENRY  ARMSTRONG,  Ph.D.,  F.R.S. ,  Professor  of  Chemistry 
in  the  City  and  Guilds  of  London  Technical  Institute.  Crown  8vo. 

[In  preparation. 


42         MACMILLAN'S  EDUCATIONAL  CATALOGUE. 

Cohen. — THE  OWENS  COLLEGE  JUNIOR  COURSE  OF 

PRACTICAL  ORGANIC  CHEMISTRY.  By  JULIUS  B. 
COHEN,  Ph.D.,  Assist. nt  Lecturer  on  Chemistry  in  the  Owens 
College,  Manchester.  With  a  Preface  by  SIR  HENRY  ROSCOE. 
Fcap.  Svo.  [In  the  press. 

Cooke.— ELEMENTS  OF  CHEMICAL  PHYSICS.  By  JOSIAH 
P.  COOKE,  Junr.,  Erving  Professor  of  Chemistry  and  Mineralogy 
in  Harvard  University.  Fourth  Edition.  Royal  8vo.  2is. 

Fleischer.— A  SYSTEM  OF  VOLUMETRIC  ANALYSIS. 
Translated,  with  Notes  and  Additions,  from  the  Second  German 
Edition  by  M.  M.  PATTISON  MUIR,  F.R.S.E.  With  Illustrations. 
Crown  8vo.  js.  6d. 

Frankland.— AGRICULTURAL  CHEMICAL  ANALYSIS, 
A  Handbook  of.  By  PERCY  FARADAY  FRANKLAND,  Ph.D., 
B.Sc.,  F.C.S.,  Associate  of  the  Royal  School  of  Mines,  and 
Demonstrator  of  Practical  and  Agricultural  Chemistry  in  the 
Normal  School  of  Science  and  Royal  School  of  Mines,  South 
Kensington  Museum.  Founded  upon  Leitfaden  fur  die  Agriculture 
Chemiche  Analyse,  von  Dr.  F.  KROCKER.  Crown  8vo.  -]s.  6d. 

Hartley. — A  COURSE  OF  QUANTITATIVE  ANALYSIS 
FOR  STUDENTS.  By  W.  N.  HARTLEY,  F.R.S.,  Professor  of 
Chemistry  in  the  Royal  College  of  Science,  Dublin.  Illustrated. 
Fcap.  8vo.  [In  the  press. 

Jones. — Works  by  FRANCIS  JONES,  F.R.S.E.,  F.C.S.,   Chemical 

Master  in  the  Grammar  School,  Manchester. 

THE    OWENS  .COLLEGE    JUNIOR    COURSE    OF    PRAC- 
TICAL CHEMISTRY.     With  Preface  by  Sir  HENRY  ROSCOE, 
F.R.S.,  and  Illustrations.     New  Edition.     i8mo.     zs.  6d. 
QUESTIONS  ON    CHEMISTRY.       A  Series  of  Problems  and 
Exercises  in  Inorganic  and  Organic  Chemistry.     Fcap.  Svo.     35. 

Landauer.— BLOWPIPE  ANALYSIS.     By  j.   LANDAUER. 

Authorised  English  Edition  by  J.  TAYLOR  and  W.  E.  KAY,  of 
Owens  College,  Manchester.     Extra  fcap.  Svo.     4^.  6d. 

Lupton. — ELEMENTARY  CHEMICAL  ARITHMETIC.  With 
1,200  Problems.  By  SYDNEY  LUPTON,  M.A.,  F.C.S.,  F.I.C., 
formerly  Assistant-Master  at  Harrow.  Second  Edition,  Revised 
and  Abridged.  Fcap.  Svo.  4*.  6d. 

Muir.— PRACTICAL  CHEMISTRY  FOR  MEDICAL  STU- 
DENTS. Specially  arranged  for  the  first  M.B.  Course.  By 
M.  M.  PATTISON  MUIR,  F.^R.S.E.  Fcap.  Svo.  15-.  6d. 

Muir  and  Wilson. — THE  ELEMENTS  OF  THERMAL 

CHEMISTRY.     By  M.  M.  PATTISON  MUIR,  M.A.,  F.R.S.E., 
Fellow  and  Prselector  of  Chemistry  in  Gonville  and  Caius  College, 
Cambridge;  Assisted  by  DAVID  MUIR  WILSON.     Svo.     12s.  6d. 
Remsen. — Works  by  IRA  REMSEN,  Professor  of  Chemistry  in  the 
Johns  Hopkins  University. 
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COMPOUNDS  OF  CARBON  ;  or,  Organic  Chemistry,  an  Intro- 
duction to  the  Study  of.  Crown  8vo.  6s.  6d. 

AN  INTRODUCTION  TO  THE  STUDY  OF  CHEMISTRY 
(INORGANIC  CHEMISTRY).  Crown  8vo.  6s.  6d. 

THE  ELEMENTS  OF  CHEMISTRY.  A  Text  Book  for 
Beginners.  By  the  same.  Fcap.  8vo.  [/«  the  press. 

ROSCOC. — Works  by  Sir  HENRY  E.  ROSCOE,  F.R.S.,  formerly 
Professor  of  Chemistry  in  the  Victoria  University  the  Owens  College, 
Manchester. 

PRIMER  OF  CHEMISTRY.  With  numerous  Illustrations.  New 
Edition.  With 'Questions.  i8mo.  is.  (Science  Primers.} 

LESSONS  IN  ELEMENTARY  CHEMISTRY,  INORGANIC 
AND  ORGANIC.  With  numerous  Illustrations  and  Chromolitho 
of  the  Solar  Spectrum,  and  of  the  Alkalies  and  Alkaline  Earths. 
New  Edition.  Fcap.  8vo.  45.  6d.  (See  under  THORPE.) 

Roscoe  and  Schorlemmer. — INORGANIC  AND  OR- 
GANIC CHEMISTRY.  A  Complete  Treatise  on  Inorganic  and 
Organic  Chemistry.  By  Sir  HENRY  E.  ROSCOE,  F.R.S.,  and  Prof. 
C.  ScHORLEiMMER,  F.R.S.  With  Illustrations.  MediumSvo. 

Vols.  I.  and  II.— INORGANIC  CHEMISTRY. 

Vol.  I.— The  Non-Metallic  Elements.  2is.  Vol.  II.  Part  I.— 
Metals.  i8j.  Vol.  II.  Part  II.— Metals.  i8j. 

Vol.  III.- ORGANIC  CHEMISTRY. 

THE  CHEMISTRY  OF  THE  HYDROCARBONS  and  their 
Derivatives,  or  ORGANIC  CHEMISTRY,  With  numerous 
Illustrations.  Three  Parts.  Parts  I.  and  II.  2is.  each.  Part  III.  iSs. 

Schorlemmer. — A  MANUAL  OF  THE  CHEMISTRY  OF 

THE  CARBON  COMPOUNDS,  OR  ORGANIC  CHE- 
MISTRY. By  C.  SCHORLEMMER,  F.R.S.,  Professor  of  Che- 
mistry in  the  Victoria  University  the  Owens  College,  Manchester. 
With  Illustrations.  8vo.  14*. 

Thorpe.— A  SERIES  OF  CHEMICAL  PROBLEMS,  prepared 
with  Special  Reference  to  Sir  H.  E.  Roscoe's  Lessons  in  Elemen- 
tary Chemistry,  by  T.  E.  THORPE,  Ph.D.,  F.R.S.,  Professor  of 
Chemistry  in  the  Normal  School  of  Science,  South  Kensington, 
adapted  for  the  Preparation  of  Students  for  the  Government, 
Science,  and  Society  of  Arts  Examinations.  With  a  Preface  by  Sir 
HENRY  E.  ROSCOE,  F.R.S.  New  Edition,  with  Key.  i8mo.  ' 2s. 

Thorpe  and  Riicker. — A  TREATISE  ON  CHEMICAL 
PHYSICS.  By  T.  E.  THORPE,  Ph.D.,  F.R.S.  Professor  of 
Chemistry  in  the  Normal  School  of  Science,  and  Professor  A.  W. 
RiicKER.  Illustrated.  8vo.  [In  preparation. 

Wright.— METALS  AND  THEIR  CHIEF  INDUSTRIAL 
APPLICATIONS.  BY  C.  ALDER  WRIGHT,  D.Sc.,  &c., 
Lecturer  on  Chemistry  in  St.  Mary's  Hospital  Medical  School. 
Extra  fcap.  8vo.  3-r.  6d. 
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Allen. — ON  THE  COLOUR  OF  FLOWERS,  as  Illustrated  in 
the  British  Flora.  By  GRANT  ALLEN.  With  Illustrations. 
Crown  8 vo.  %s.6d.  (Nature  Series.) 

Balfour.  —  A  TREATISE  ON  COMPARATIVE  EMBRY- 

OLOGY.  By  F.  M.  BALFOUR,  M.A.,  F.R.S.,  Fellow  and 
Lecturer  of  Trinity  College,  Cambridge.  With  Illustrations. 
Second  Edition,  reprinted  without  alteration  from  the  First 
Edition.  In  2  vols.  8vo.  Vol.  I.  iSs.  Vol.  II.  21  s. 

Balfour  and  Ward. — A  GENERAL  TEXT  BOOK  OF 
BOTANY.  By  ISAAC  BAYLEY  BALFOUR,  F.R.S.,  Professor  of 
Botany  in  the  University  of  Oxford,  and  H.  MARSHALL  WARD, 
Fellow  of  Christ  College,  Cambridge,  and  Professor  of  Botany 
in  the  Royal  Indian  Engineering  College,  Cooper's  Hill.  8vo. 

[Zn  preparation. 

Bettany. — FIRST  LESSONS  IN  PRACTICAL  BOTANY. 
By  G.  T.  BETTANY,  M.A.,  F.L.S.,  formerly  Lecturer  in  Botany 
at  Guy's  Hospital  Medical  School.  i8mo.  is. 

Bower— Vines. — A  COURSE  OF  PRACTICAL  INSTRUC- 
TION IN  BOTANY.  By  F.  O.  BOWER,  M.A.,  F.L.S., 
Professor  of  Botany  in  the  University  of  Glasgow,  and  SYDNEY 
H.  VINES,  M.A.,  D.Sc.,  F.R.S.,  Fellow  and  Lecturer,  Christ's 
College,  Cambridge.  With  a  Preface  by  W.  T.  THISELTON 
DYER,  M.A.,  C.M.G.,  F.R.S.,  F.L.S.,  Director  of  the  Royal 
Gardens,  Kew. 

Part  I.—  PHANEROGAMS  —  PTERIDOPHYTA.  Crown 
8vo.  6s.  [Part  77.  in  the  press. 

Darwin  (Charles). — MEMORIAL  NOTICES  OF  CHARLES 

DARWIN,  F.R.S.,  &c.  By  THOMAS  HENRY  HUXLEY,  F.R.S., 
G.  J.  ROMANES,  F.R.S.,  ARCHIBALD  GEIKIE,  F.R.S.,  and 
W.  T.  THISELTON  DYER,  F.R.S.  Reprinted  from  Nature. 
With  a  Portrait,  engraved  by  C.  H.  JEENS.  Crown  8vo. 
2s.  6d.  (Nature  Series. ) 

Fearnley. — A  MANUAL  OF  PRACTICAL  HISTOLOGY. 
By  WILLIAM  FEARNLEY.  With  Illustrations.  Crown  8vo.  Js.  6d. 

Flower  and  Gadow. — AN  INTRODUCTION  TO  THE 

OSTEOLOGY  OF  THE  MAMMALIA.  By  WILLIAM  HENRY 
FLOWER,  LL.D.,  F.R.S.,  Director  of  the  Natural  History  De- 
partments of  the  British  Mu?eum,  late  Hunterian  Professor  of 
Comparative  Anatomy  and  Physiology  in  the  Royal  College  of 
Surgeons  of  England.  With  numerous  Illustrations.  Third 
Edition.  Revised  with  the  assistance  of  HANS  GADOW,  Ph.D., 
M.A.,  Lecturer  on  the  Advanced  Morphology  of  Vertebrates  and 
Strickland  Curator  in  the  University  of  Cambridge.  Crown  8vo. 
los.  6d. 
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Foster. — Works  by  MICHAEL  FOSTER,  M.D.,  Sec.  R.S.,  Professor 

of  Physiology  in  the  University  of  Cambridge. 
PRIMER    OF    PHYSIOLOGY.       With   numerous   Illustrations. 

New  Edition.     i8mo.     is. 
A  TEXT-BOOK  OF  PHYSIOLOGY.    With  Illustrations.    Fourth 

Edition,  revised.     8vo.     2is. 

Foster  and  Balfour.— THE  ELEMENTS  OF  EMBRY- 
OLOGY. By  MICHAEL  FOSTER,  M.A.,  M.D.,  LL.D.,  Sec.  R.S., 
Professor  of  Physiology  in  the  University  of  Cambridge,  Fellow 
of  Trinity  College,  Cambridge,  and  the  late  FRANCIS  M.  BALFOUR, 
M.A.,  LL.D.,  F.R.S.,  Fellow  of  Trinity  College,  Cambridge, 
and  Professor  of  Animal  Morphology  in  the  University.  Second 
Edition,  revised.  Edited  by  ADAM  SEDGWICK,  M.A.,  Fellow 
and  Assistant  Lecturer  of  Trinity  College,  Cambridge,  and  WALTER 
HEAPE,  Demonstrator  in  the  Morphological  Laboratory  of  the 
University  of  Cambridge.  With  Illustrations.  Crown  8vo.  los.  6d. 

Foster  and  Langley. — A  COURSE  OF  ELEMENTARY 
PRACTICAL  PHYSIOLOGY.  By  Prof.  MICHAEL  FOSTER, 
M.D.,.Sec.  R.S.,  &c.,  and  J.  N.  LANGLEY,  M.A.,  F.R.S.,  Fellow 
of  Trinity  College,  Cambridge.  Fifth  Edition.  Crown  8vo.  'js.  6d. 

Gamgee.— A  TEXT-BOOK   OF   THE  PHYSIOLOGICAL 

CHEMISTRY  OF  THE  ANIMAL  BODY.  Including  an 
Account  of  the  Chemical  Changes  occurring  in  Disease.  By  A. 
GAMGEE,  M.D.,  F.R.S.,  formerly  Professor  of  Physiology  in  the 
Victoria  University  the  Owens  College,  Manchester.  2  Vols.  8vo. 
With  Illustrations.  Vol.1.  iSs.  [Vol.  II.  in  the  press. 

Gray.— STRUCTURAL    BOTANY,    OR    ORGANOGRAPHY 

ON  THE  BASIS  OF  MORPHOLOGY.     To  which  are  added 

the  principles  of  Taxonomy  and  Phytography,  and  a  Glossary  of 

Botanical  Terms.     By  Professor  ASA  GRAY,  LL.  D.     8vo.    los.  6d. 

Hooker. — Works  by  Sir  J.  D.  HOOKER,  K.C.S.I.,  C.B.,  M.D., 

F.R.S.,  D.C.L. 
PRIMER  OF  BOTANY.      With  numerous   Illustrations.      New 

Edition.      i8mo.      is.     (Science  Primers.) 
THE   STUDENT'S   FLORA   OF  THE  BRITISH  ISLANDS. 

Third  Edition,  revised.     Globe  8vo.     ior.  6d. 

Howes. — AN    ATLAS     OF    PRACTICAL    ELEMENTARY 
BIOLOGY.     By  G.   B.   HOWES,  Assistant  Professor  of  Zoology, 
Normal  School  of  Science  and  Royal  School  of  Mines.     With  a 
Preface  by  THOMAS  HENRY  HUXLEY,  F.  R.  S.  Royal  410.  14*. 
Huxley. — Works  by  THOMAS  HENRY  HUXLEY,  F.R.S. 
INTRODUCTORY    PRIMER     OF     SCIENCE.       i8mo.       is. 

(Science  Primers.) 

LESSONS  IN  ELEMENTARY  PHYSIOLOGY.  With  numerous 
Illustrations.     New  Edition  Revised.     Fcap.  8vo.     4^.  6J. 
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Huxley.— QUESTIONS  ON  HUXLEY'S  PHYSIOLOGY  FOR 
SCHOOLS.  ByT.  ALCOCK,  M.D.  New  Edition.  i8mo.  is.  6d. 

Huxley  and  Martin.— A  COURSE  OF  PRACTICAL  IN- 
STRUCTION IN  ELEMENTARY  BIOLOGY.  By  THOMAS 
HENRY  HUXLEY,  F.R.S.,  assisted  by  H.  N.  MARTIN,  M.B., 
D.Sc.  New  Edition,  revised.  Crown  Svo.  6s. 

Kane. — EUROPEAN  BUTTERFLIES,  A  HANDBOOK  OF 
By  W.  F.  DE  VISMES  KANE,  M.A.,  M.R.I.A.,  Member  of  the 
Entomological  Society  of  London,  &c.  With  Copper  Plate  Illustra- 
tions. Crown  Svo.  lO.r.  6c/. 

A  LIST  OF  EUROPEAN  RHOPALOCERA  WITH  THEIR 
VARIETIES  AND  PRINCIPAL  SYNONYMS.  Reprinted 
from  the  Handbook  of  European  Butterflies.  Crown  Svo.  is. 

Klein.— MICRO-ORGANISMS  AND  DISEASE.  An  Intro- 
duction into  the  Study  of  Specific  Micro-Organisms.  By  E. 
KLEIN,  M.D.,  F.R.S,,  Lecturer  on  General  Anatomy  and  Physio- 
logy in  the  Medical  School  of  St.  Bartholomew's  Hospital,  London. 
With  121  Illustrations.  Third  Edition,  Revised.  Crown  Svo.  65. 
THE  BACTERIA  IN  ASIATIC  CHOLERA.  By  the  Same. 
Crown  Svo.  [In  preparation. 

Lankester. — Works  by  Professor  E/RAY  LANKESTER,  F.R.S. 

A  TEXT  BOOK  OF  ZOOLOGY.     Svo.  {In  preparation. 

DEGENERATION  :   A  CHAPTER  IN  DARWINISM.     Illus- 
trated.    Crown  Svo.     2s.  6d.     (Nature  Series.} 
Lubbock. — Works  by  SIR  JOHN  LUBBOCK,  M.P.,  F.R.S.,  D.C.L. 

THE  ORIGIN  AND  METAMORPHOSES  OF  INSECTS. 
With  numerous  Illustrations.  New  Edition.  Crown  Svo.  $s.  6d. 
(Nature  Series.) 

ON  BRITISH  WILD  FLOWERS  CONSIDERED  IN  RE- 
LATION TO  INSECTS.  With  numerous  Illustrations.  New 
Edition.  Crown  Svo.  4J.  6d.  (Nature  Series], 

FLOWERS,    FRUITS,    AND    LEAVES.       With    Illustrations 

Crown  Svo.     $s.  6d.     (Nature  Series.) 

M'KendHck.— OUTLINES  OF  PHYSIOLOGY  IN  ITS  RE- 
LATIONS TO  MAN.  By  J.  G.  M'KENrmiCK,  M.D.,  F.R.S.E. 
With  Illustrations.  Crown  Svo.  12s.  6d. 

Martin  and  Moale. — ON  THE  DISSECTION  OF  VERTE- 
BRATE ANIMALS.  By  Professor  H.  N.  MARTIN  and  W.  A. 
MOALE.  Crown  Svo.  [In  preparation. 

Mivart. — Works  by  ST.  GEORGE  MIVART,  F.R.S.,  Lecturer  on 

Comparative  Anatomy  at  St.  Mary's  Hospital. 
LESSONS  IN  ELEMENTARY  ANATOMY.     With  upwards  of 

400  Illustrations.     Fcap.  Svo.     6s.  6d. 

THE  COMMON  FROG.  With  numerous  Illustrations.  Crown 
Svo.  $s.  6d.  (Nature  Series.) 
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Muller. — THE  FERTILISATION  OF  FLOWERS.  By  Pro- 
fessor  HERMANN  MULLER.  Translated  and  Edited  by  D'ARCY 
W.  THOMPSON,  B.A.,  Professor  of  Biology  in  University  College, 
Dundee.  With  a  Preface  by  CHARLES  DARWIN,  F.R.S.  With 
numerous  Illustrations.  Medium  Svo.  2is. 

Oliver. — Works  by   DANIEL  OLIVER,    F.R.S.,  &c.,  Professor  of 

Botany  in  University  College,  London,  &c. 

FIRST  BOOK  OF  INDIAN  BOTANY.      With  numerous  Illus- 
trations.    Extra  fcap.  b\o.     6s.  6d. 

LESSONS    IN   ELEMENTARY   BOTANY.      With  nearly  200 
Illustrations.     New  Edition.     Fcap.  Svo.     4-r.  6d. 

Parker. — A  COURSE  OF  INSTRUCTION  IN  ZOOTOMY 
(VERTEBRATA).  By  T.  JEFFREY  PARKER,  B.Sc.  London, 
Professor  of  Biology  in  the  University  of  Otago,  New  Zealand. 
With  Illustrations.  Crown  Svo.  $s.  6d. 

Parker  and  Bettany. — THE  MORPHOLOGY  OF  THE 
SKULL.  By  Professor  W.  K.  PARKER,  F.R.S.,  and  G.  T. 
BETTANY.  Illustrated.  Crown  Svo.  los.  6d. 

Smith  (W.  G.)— DISEASES  OF  FIELD  AND  GARDEN 
CROPS,  CHIEFLY  SUCH  AS  ARE  CAUSED  BY  FUNGI. 
By  WORTHINGTON  G.  SMITH,  F.L.S.,  M.A.I.,  Member  oi  the 
Scientific  Committee  R.H.S.  With  143  New  Illustrations  drawn 
and  engraved  from  Nature  by  the  Author.  Fcap.  Svo.  4?.  6d. 

Wiedersheim  (Prof.).— ELEMENTS  OF  THE  COM- 
PARATIVE ANATOMY  OF  VERTEBRATES.  Adapted 
from  the  German  of  ROBERT  WIEDERSHEIM,  Professor  of  Ana- 
tomy, and  Director  of  the  Institute  of  Human  and  Comparative 
Anatomy  in  the  University  of  Freiburg-in-Baden,  by  W. 
NEWTON  PARKER,  Professor  of  Biology  in  the  University  College 
of  South  Wales  and  Monmouthshire.  With  Additions  by  the 
Author  and  Translator.  With  Two  Hundred  and  Seventy  Wood- 
cuts. Medium  Svo.  12s.  6d. 
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Brunton.— Works  by  T.  LAUDER  BRUNTON,  M.D.,  D.Sc., 
F.R.C.P.,  F.R.S. ,  Assistant  Physician  and  Lecturer  on  Materia 
Medica  at  St.  Bartholomew's  Hospital  ;  Examiner  in  Materia 
Medica  in  the  University  of  London,  in  the  Victoria  University, 
and  in  the  Royal  College  of  Physicians,  London  ;  late  Examiner 
in  the  University  of  Edinburgh. 

A  TEXT-BOOK  OF  PHARMACOLOGY,  THERAPEUTICS, 
AND  MATERIA  MEDICA.  Adapted  to  the  United  States 
Pharmacopoeia,  by  FRANCIS  H.  WILLIAMS,  M.  D.,  Boston, 
Mass.  Third  Edition.  Adapted  to  the  New  British  Pharmaco- 
poeia, 1885.  Medium  Svo.  21*. 
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Brunton. — TABLES  OF  MATERIA  MEDICA  :  A  Companion 

to  the  Materia  Medica  Museum.  With  Illustrations.  New  Edition, 
Enlarged.  8vo.  ior.  6d. 

Hamilton. — A  TEXT-BOOK  OF  PATHOLOGY.  By  D.  J. 
HAMILTON,  Professor  of  Pathological  Anatomy  University  of 
Aberdeen  With  Illustrations.  8vo.  \In  the  press. 

Klein.— MICRO-ORGANISMS  AND  DISEASE.  An  Intro- 
duction into  the  Study  of  Specific  Micro- Organisms.  By  E. 
KLEIN,  M.D.,  F.R.S.,  Lecturer  on  General  Anatomy  and  Physio- 
logy in  the  Medical  School  of  St.  Bartholomew's  Hospital,  London. 
With  121  Illustrations.  Third  Edition,  Revised.  Crown  8vo  6s. 
THE  BACTERIA  IN  ASIATIC  CHOLERA.  By  the  Same 
Author.  Crown  8vo.  [In preparation. 

Ziegler-Macalister. — TEXT-BOOK  OF  PATHOLOGICAL 
ANATOMY  AND  PATHOGENESIS.  By  Professor  ERNST 
ZIEGLER  of  Tubingen.  Translated  and  Edited  for  English 
Students  by  DONALD  MACALISTER,  M.A.,M.D.,  B.Sc.,F.R.C.P., 
Fellow  and  Medical  Lecturer  of  St.  John's  College,  Cambridge, 
Physician  to  Addenbrooke's  Hospital,  and  Teacher  of  Medicine  in 
the  University.  With  numerous  Illustrations.  Medium  8vo. 

Part  I.— GENERAL  PATHOLOGICAL  ANATOMY.  Second 
Edition.  12s.  6d. 

Part  II.— SPECIAL  PATHOLOGICAL  ANATOMY.  Sections 
I.— VIII.  Second  Edition.  I2s.6d.  Sections  IX.— XII.  i2s.  6d. 

ANTHROPOLOGY. 

Flower.— FASHION  IN  DEFORMITY,  as  Illustrated  in  the 
Customs  of  Barbarous  and  Civilised  Races.  By  Professor 
FLOWER,  F.R.S.,  F.R.C.S.  With  Illustrations.  Crown  8vo. 
2s.  6d.  (Nature. Series.} 

Tylor. — ANTHROPOLOGY.  An  Introduction  to  the  Study  ot 
Man  and  Civilisation.  ByE.  B.  TYLOR,  D.C.L.,  F.R.S.  With 
numerous  Illustrations.  Crown  8vo.  Js.  6d. 

PHYSICAL  GEOGRAPHY  &  GEOLOGY. 

Blanford.— THE  RUDIMENTS  OF  PHYSICAL  GEOGRA- 
PHY FOR  THE  USE  OF  INDIAN  SCHOOLS  ;  with  a 
Glossary  of  Technical  Terms  employed.  By  H.  F.  BLANFORD, 
F.R.S.  New  Edition,  with  Illustrations.  Globe  8vo.  zs.  6d. 

Geikie. — Works  by  ARCHIBALD  GEIKIE,  LL.D.,  F.R.S. ,  Director 
General  of  the  Geological  Survey  of  Great  Britain  and  Ireland,  and 
Director  of  the  Museum  of  Practical  Geology,  London,  formerly 
Murchison  Professor  of  Geology  and  Mineralogy  in  the  University 
of  Edinburgh,  &c. 
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Geikie.— Works    by  ARCHIBALD  GEIKIE,    LL.D.,    F.R.S.,    &c. 

(continued] —  • 

PRIMER  OF  PHYSICAL    GEOGRAPHY.      With    numerous 

Illustrations.      New   Edition.       With    Questions.       i8mo.       is. 

(Science  Primers.} 
ELEMENTARY   LESSONS   IN  PHYSICAL   GEOGRAPHY. 

With  numerous  Illustrations.     New  Edition.     Fcap.  8vo.     4^.  6d. 

QUESTIONS  ON  THE  SAME.     is.  6d. 
PRIMER  OF  GEOLOGY.      With  numerous  Illustrations.     New 

Edition.     i8mo.     is.     (Science  Primers.) 
CLASS   BOOK    OF   GEOLOGY.      With  upwards  of  200  New 

Illustrations.     Crown  8vo.     los.  6d. 
TEXT-BOOK  OF    GEOLOGY.       With    numerous    Illustrations. 

Second  Edition,  Sixth  Thousand,  Revised  and  Enlarged.   8vo.  28^. 
OUTLINES  OF  FIELD  GEOLOGY.     With  Illustrations.     New 

Edition.     Extra  fcap.  8vo.     $s.  6d. 

(See  also  under  History  and  Geography.) 
Huxley, — PHYSIOGRAPHY.       An   Introduction   to  the   Study 

of  Nature.      By    THOMAS    HENRY    HUXLEY,    F.R.S.      With 

numerous  Illustrations,  and  Coloured  Plates.     New  and  Cheaper 

Edition.     Crown  8vo.     6s. 
Phillips.— A  TREATISE  ON  ORE  DEPOSITS.    By  J.  ARTHUR 

PHILLIPS,  F.R.S.,  V.P.G.S.,  F.C.S.,  M.Inst.C.E.,  Ancien  Eleve 

del'Ecoledes  Mines,  Paris  ;  Author  of  "A  Manual  of  Metallurgy," 

"The  Mining  and  Metallurgy  of  Gold  and   Silver,"  &c.     With 

numerous  Illustrations.     Svo.     25*. 

AGRICULTURE. 

Frankland.— AGRICULTURAL  CHEMICAL  ANALYSIS, 
A  Handbook  of.  By  PERCY  FARADAY  FRANKLAND,  Ph.D., 
B.Sc.,  F.C.S.,  Associate  of  the  Royal  School  of  Mines,  and 
Demonstrator  of  Practical  and  Agricultural  Chemistry  in  the 
Normal  School  of  Science  and  Royal  School  of  Mines,  South 
Kensington  Museum.  Founded  upon  Leitfaden  fur  die  Agriculture 
Chemiche  Analyse,  von  Dr.  F.  KROCKER.  Crown  Svo.  73.  6d. 

Smith  (Worthington  G.). — DISEASES  OF  FIELD  AND 
GARDEN  CROPS,  CHIEFLY  SUCH  AS  ARE  CAUSED  BY 
FUNGI.  By  WORTHINGTON  G.  SMITH,  F.L.S.,  M.A.I., 
Member  of  the  Scientific  Committee  of  the  R.H.S.  With  143 
Illustrations,  drawn  and  engraved  from  Nature  by  the  Author. 
Fcap.  Svo.  4^.  6d. 

Tanner. — Works  by  HENRY  TANNER,  F.C.S.,  M.R.A.C., 
Examiner  in  the  Principles  of  Agriculture  under  the  Government 
Department  of  Science ;  Director  of  Education  in  the  Institute  of 
Agriculture,  South  Kensington,  London  :  sometime  Professor  of 
Agricultural  Science,  University  College,  Aberystwith. 
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Tanner. — Works  by  HENRY  TANNER,  F.C.S.,   M.R.A.C.,   &c. 

(continued) — 

ELEMENTARY   LESSONS   IN  THE    SCIENCE   OF  AGRI- 
CULTURAL PRACTICE.     Fcap.  8vo.     y.  6d. 
FIRST  PRINCIPLES  OF  AGRICULTURE.     i8mo.     is. 
THE  PRINCIPLES  OF  AGRICULTURE.    A  Series  of  Reading 
Books  for  use  in    Elementary   Schools.      Prepared   by   HENRY 
TANNER,  F.C.S.,  M.R.A.C.     Extra  fcap.  8vo. 

I.   The  Alphabet  of  the  Principles  of  Agriculture.     6d. 
II.   Further  Steps  in  the  Principles  of  Agriculture,     is. 
III.  Elementary  School  Readings  on  the  Principles  of  Agriculture 
for  the  third  stage,     is. 

POLITICAL  ECONOMY. 

Boole.— THE  MATHEMATICAL  ANALYSIS  OF  LOGIC. 
Being  an  Essay  towards  a  Calculus  of  Deductive  Reasoning.  By 
GEORGE  BOOLE.  8vo.  Sewed.  5-r. 

Cossa.— GUIDE  TO  THE  STUDY  OF  POLITICAL 
ECONOMY.  By  Dr.  LUIGI  COSSA,  Prolessor  in  the  University 
of  Pavia.  Translated  from  the  Second  Italian  Edition.  With  a 
Preface  by  W.  STANLEY  JEVONS,  F.R.S.  Crown  8vo.  45-.  6d. 

Fawcett  (Mrs.). — Works  by  MILLICENT  GARRETT  P^AWCETT:— 
POLITICAL  ECONOMY  FOR  BEGINNERS,  WITH  QUES- 
TIONS.    Fourth  Edition.     i8mo.     2s.  6d. 
TALES  IN  POLITICAL  ECONOMY.     Crown  8vo.     y. 

Fawcett. — A  MANUAL  OF  POLITICAL  ECONOMY.    By 

Right  Hon.  HENRY  FAWCETT,  F.R.S.  Sixth  Edition,  revised, 
with  a  chapter  on  "  State  Socialism  and  the  Nationalisation 
of  the  Land,"  and  an  Index.  Crown  8vo.  I2s. 
Jevons.— PRIMER  OF  POLITICAL  ECONOMY.  By  W. 
STANLEY  JEVONS,  LL.D.,  M.A.,  F.R.S.  New  Edition.  i8mo. 
is.  (Science  Primers.) 

Marshall. — THE  ECONOMICS  OF  INDUSTRY.     By  A. 

MARSHALL,  M.A.,  Professor  of  Political  Economy  in  the  Uni- 
versity of  Cambridge,  and  MARY  P.  MARSHALL,  late  Lecturer  at 
Newnham  Hall,  Cambridge.  Extra  fcap.  8vo.  2s.  6d. 

Marshall.— ECONOMICS.  By  ALFRED  MARSHALL,  M.A., 
Professor  of  Political  Economy  in  the  University  of  Cambridge. 
2  vols  8vo.  [In  the  press. 

Sidgwick.— THE  PRINCIPLES  OF  POLITICAL  ECONOMY. 
By  Professor  HENRY  SIDGWICK,  M.A.,  LL.D.,  Knightbridge 
Professor  of  Moral  Philosophy  in  the  University  of  Cambridge, 
&c.,  Author  of  "The  Methods  of  Ethics."  8vo.  i6s. 

Walker. — Works  by  FRANCIS  A.  WALKER,  M.A.,  Ph.D.,  Author 

of  "Money,"  "Money  in  its  Relation  to  Trade,"  &c. 
POLITICAL  ECONOMY.     8vo.     JOT.  (M. 
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Walker. — A  BRIEF  TEXT-BOOK  OF  POLITICAL  ECON- 
OMY.    Crown  8vo.     6s.  6d. 
THE  WAGES  QUESTION.     8vo.     14*. 

MENTAL  &  MORAL  PHILOSOPHY. 

Calderwood,— -HANDBOOK  OF  MORAL  PHILOSOPHY. 
By  the  Rev.  HENRY  CALDERWOOD,  LL.D.,  Professor  of  Moral 
Philosophy,  University  of  Edinburgh.  New  Edition.  Crown  8vo.  6s. 

Clifford. — SEEING  AND  THINKING.  By  the  late  Professor 
W.  K.  CLIFFORD,  F.R.S.  With  Diagrams.  Crown  8vo.  y.  6d. 
{Nature  Series.} 

Jardine.— THE  ELEMENTS  OF  THE  PSYCHOLOGY  OF 
COGNITION.  By  the  Rev.  ROBERT  JARDINE,  B.D.,  D.Sc. 
(Edin.),  Ex-Principal  of  the  General  Assembly's  College,  Calcutta. 
Third  Edition,  revised  and  improved.  Crown  8vo.  6s.  6d. 

Jevons. — Works  by  the  late  W.  STANLEY  JEVONS,  LL.D.,  M.A., 

F.R.S. 

PRIMER  OF  LOGIC.    New  Edition.    i8mo.    is.    (Science  Primers.) 
ELEMENTARY  LESSONS  IN   LOGIC  ;  Deductive  and  Induc- 
tive, with  copious  Questions  and  Examples,  and  a  Vocabulary  of 
Logical  Terms.     New  Edition.     Fcap.  8vo.     3?.  6d. 
THE  PRINCIPLES  OF   SCIENCE.     A  Treatise  on  Logic  and 
Scientific  Method.  New  and  Revised  Edition.  Crown  8vo.   12s.  6J. 
STUDIES  IN  DEDUCTIVE  LOGIC.   Second  Edition.  Cr.  8vo.  6*. 

KeyneS.— FORMAL  LOGIC,  Studies  and  Exercises  in.  Including 
a  Generalisation  of  Logical  Processes  in  their  application  to 
Complex  Inferences.  By  JOHN  NEVILLE  KEYNES,  M.A.,  late 
Fellow  of  Pembroke  College,  Cambridge.  Crown  8vo.  los.  6d. 

Kant— Max  Mullen— CRITIQUE  OF  PURE  REASON. 

By  IM MANUEL  KANT.     In  commemoration  of  the  Centenary  of 

its  first  Publication.    Translated  into  English  by  F.  MAX  MiJLLER. 

With   an   Historical  Introduction  by  LUDWIG  NOIRE.     2  vols. 

Demy  8vo.     i6s.  each. 
Volume    I.     HISTORICAL    INTRODUCTION,    by    LUDWIG 

NOIRE  ;  &c.,  &c. 
Volume  II.     CRITIQUE    OF   PURE    REASON,  translated  by 

F.  MAX  MiiLLEB. 

For  the  convenience  of  students  these  volumes  are  now  sold  separately. 
McCosh.— PSYCHOLOGY.— THE   COGNITIVE   POWERS. 

By  JAMES  McCosH,  D.D.,  LL.D.,  Litt.D.,  President  of  Princeton 

College,  Author  of  "  Intuitions  of  the  Mind,"  "  Laws  of  Discursive 

Thought,"  &c.     Crown  8vo.     6s.  6d, 
Ray. — A  TEXT-BOOK  OF  DEDUCTIVE  LOGIC  FOR  THE 

USE  OF  STUDENTS.    By  P.  K.  RAY,  D.Sc.  (Lon.  and  Edin.), 
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Professor  of  Logic  and  Philosophy,  Presidency  College   Calcutta. 
Second  Edition.     Globe  8vo.     qs.  6d. 

The  SCHOOLMASTER  says  :— "This  work  .  .  .  is  deservedly  taking  a  place  among 
the  recognised  text-books  on  Logic." 

Sidgwick. — Works  by  HENRY  SIDGWICK,  M.A.,  LL.D.,  Knight- 
bridge  Professor  of  Moral  Philosophy  in  the  University  of 
Cambridge. 

THE  METHODS  OF  ETHICS.  Third  Edition.  8vo.  14*.  A 
Supplement  to  the  Second  Edition,  containing  all  the  important 
Additions  and  Alterations  in  the  Third  Edition.  Demy  8vo.  65-. 

OUTLINES  OF  THE  HISTORY  OF  ETHICS,  for  English 
Readers.  Crown  8vo.  3.?.  6d. 
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Arnold  (T.). — THE  SECOND  PUNIC  WAR.   Being  chapters 

from  THE  HISTORY  OF  ROME.  By  THOMAS  ARNOLD, 
D.D.  Edited,  with  Notes,  by  W.  T.  ARNOLD,  M.A.  With  8 
Maps.  Crown  8vo.  8s.  6d. 

Arnold  (W.  T.). — THE  ROMAN  SYSTEM  OF  PROVINCIAL 

ADMINISTRATION  TO  THE  ACCESSION  orCONSTAN- 

^  TINE  THE  GREAT.  By  W.  T.  ARNOLD,  M.A.    Crown  8vo.  6s. 

"Ought   to  prove  a  valuable  handbook  to   the  student  of  Roman    history." — 

GUARDIAN. 

Beesly.— STORIES    FROM    THE    HISTORY    OF    ROME. 

By  Mrs,  BEESLY.     Fcap.  8vo.     2s.  6d. 
Bryce. — THE  HOLY  ROMAN  EMPIRE.    By  JAMES  BRYCE, 

D.  C.L.,  Fellow  of  Oriel  College,  and  Regius  Professor  of  Civil  Law 

in  the  University  of  Oxford.    Eighth  Edition.   Crown  8vo.   'js.  6d. 
Buckland.— OUR  NATIONAL   INSTITUTIONS.      A   Short 

Sketch    for   Schools.     By  ANNA  BUCKLAND.     With  Glossary. 

i8mo.     is. 
Buckley. — A  HISTORY  OF  ENGLAND  FOR  BEGINNERS. 

By  ARABELLA  B.    BUCKLEY.     Author  of  "A  Short  History  of 

Natural  Science,"  &c.     With  Coloured  Maps,  Chronological  and 

Genealogical  Tables.     Globe  8vo.     $s. 
Clarke.— CLASS-BOOK  OF  GEOGRAPHY.    By  C.  B.  CLARKE, 

M.A.,    F.L.S.,    F.G.S.,    F.R.S.     New  Edition,   with  Eighteen 

Coloured  Maps.     Fcap.  8vo.     3*. 
Dicey. — LECTURES   INTRODUCTORY   TO   THE    STUDY 

OF  THE  LAW  OF  THE  CONSTITUTION.  By  A.  V.  DICEY, 

B.C.L.,  of  the  Inner  Temple,  Barrister-at-Law  ;  Vinerian  Professor 

of  English  Law ;  Fellow  of  All  Souls  College,  Oxford ;  Hon.  LL.D. 

Glasgow.     Second  Edition.     Demy  8vo.     12^.  6d. 
Dickens's     DICTIONARY     OF    THE     UNIVERSITY     OF 

OXFORD,  1886-7.     l8mo»  sewed,     is. 
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Dickens's     DICTIONARY     OF     THE     UNIVERSITY     OF 
CAMBRIDGE,  1886-7.     i8mo,  sewed,     is. 
Both  books  (Oxford  and  Cambridge)  bound  together  in  one  volume. 
Cloth.     2s.  6d. 

Freeman. — Works  by  EDWARD  A.  FREEMAN,  D.C.L.,  LL.D., 

Regius  Professor  of  Modern  History  in  the  University  of  Oxford,  &c- 
OLD  ENGLISH  HISTORY.     With  Five  Coloured  Maps.     New 

Edition.     Extra  fcap.  8vo.     6s. 

A  SCHOOL  HISTORY  OF  ROME.  Crown  8vo.    [In preparation. 
METHODS  OF  HISTORICAL  STUDY.     A  Course  of  Lectures. 

8vo.     ioj.  6d. 
THE  CHIEF   PERIODS    OF    EUROPEAN    HISTORY.     Six 

Lectures  read  in  the  University  of  Oxford  in  Trinity  Term,  1885. 

With  an  Essay  on  Greek  Cities  under  Roman  Rule.    8vo.   lor.  6d. 
HISTORICAL  ESSAYS.     First  Series.     Fourth  Edition.      8vo. 

IQS.  6d. 

Contents :— The  Mythical  and  Romantic  Elements  in  Early  English  History — 
The   Continuity  of  English   History — The  Relations  between  the  Crown   of 
England  and  Scotland — St.  Thomas  of  Canterbury  and  his  Biographers,  &c. 
HISTORICAL  ESSAYS.     Second  Series.     Second  Edition,  with 
additional  Essays.     8vo.     los.  6d. 

Contents: — Ancient  Greece  and  Mediaeval  Italy — Mr.   Gladstone's  Homer  and 
the  Homeric  Ages — The  Historians  of  Athens — The  Athenian  Democracy— 
Alexander   the   Great — Greece   during  the   Macedonian  Period — Mommsen's 
History  of  Rome — Lucius  Cornelius  Sulla — The  Flavian  Caesars,  &c.,  &c. 
HISTORICAL  ESSAYS.     Third  Series.     8vo.     12s. 
Contents  : — First  Impressions  of  Rome — The  Illyrian  Emperors  and  their  Land 
— Augusta  Treverorum — The  Goths  at  Ravenna — Race  and  Language — The 
Byzantine    Empire — First    Impressions  of   Athens — Mediaeval   and    Modern 
Greece — The  Southern  Slaves — Sicilian  Cycles— The  Normans  at  Palermo. 

THE  GROWTH  OF  THE  ENGLISH  CONSTITUTION  FROM 
THE  EARLIEST  TIMES.  Fourth  Edition.  Crown  Svo.  55. 

GENERAL  SKETCH  OF  EUROPEAN  HISTORY.  New 
Edition.  Enlarged,  with  Maps,  &c.  i8mo.  3-y.  6d.  (Vol.  I.  of 
Historical  Course  for  Schools.) 

EUROPE.     i8mo.     is.     (History  Primers.} 

Fyffe.— A  SCHOOL  HISTORY  OF  GREECE.  By  C.  A.  FYFFE, 
M.A.     Crown  Svo.  [In  preparation. 

Geikie. — THE  TEACHING  OF  GEOGRAPHY.    A  Practical 

Handbook  for  the  use  of  Teachers.  By  ARCHIBALD  GEIKIE, 
F.R.  S.,  Director-General  of  the  Geological  Survey  of  the  United 
Kingdom,  and  Director  of  the  Museum  of  Practical  Geology, 
Jermyn  Street,  London  ;  formerly  Murchison  Professor  of  Geology 
and  Mineralogy  in  the  University  of  Edinburgh.  Crown  Svo. 
Being  Volume  I.  of  a  New  Geographical  Series  Edited  by  ARCHI- 
BALD GEIKIE,  F.R.S.  [In  the  press. 
%*  The  aim  of  this  volume  is  to  advocate  the  claims  of  geography  as 
an  educational  discipline  of  a  high  order,  and  to  show  how  these 
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claims  may  be  practically  recognised  by  teachers.  This  introduc- 
tory volume  is  intended  to  be  followed  by  a  short  Geography  of  the 
British  Islands,  and  then  by  other  volumes  as  announced  on  pp.  48, 49. 

Green.  —  Works    by    JOHN    RICHARD   GREEN,    M.A.,     LL.D., 

late  Honorary  Fellow  of  Jesus  College,  Oxford. 
SHORT    HISTORY    OF    THE   ENGLISH  PEOPLE.      With 

Coloured  Maps,  Genealogical  Tables,  and  Chronological  Annals. 

Crown  8vo.     8s.  6d.     I24th  Thousand. 
ANALYSIS  OF  ENGLISH  HISTORY,  based  on  Green's  "  Short 

History  of   the  English  People."     By  C.    W.    A.    TAIT,   M.A., 

Assistant-Master,  Clifton  College.     Crown  8vo.      $s.  6d. 
READINGS     FROM    ENGLISH    HISTORY.       Selected    and 

Edited  by  JOHN  RICHARD  GREEN.     Three   Parts.     Globe  8vo. 

is.  6d.  each.     I.   Hengist  to  Cressy.     II.   Cressy  to  Cromwell. 

III.  Cromwell  to  Balaklava. 

Green.  —  A  SHORT  GEOGRAPHY  OF  THE  BRITISH 
ISLANDS.  By  JOHN  RICHARD  GREEN  and  ALICE  STOPFGRD 
GREEN.  With  Maps.  Fcap.  8vo.  %s.  6d. 

Grove.— A  PRIMER  OF  GEOGRAPHY.  By  Sir  GEORGE 
GROVE,  D.C.L.  With  Illustrations.  i8mo.  'is.  (Science 
Primers. ) 

Guest.— LECTURES  ON  THE  HISTORY  OF  ENGLAND- 
By  M.  J.  GUEST.  With  Maps.  Crown  8vo.  6s. 

Historical  Course  for  Schools — Edited  by  EDWARD  A. 

FREEMAN,  D.C.L.,  LL.D.,  late  Fellow  of  Trinity  College,  Oxford, 

Regius  Professor  of  Modern  History  in  the  University  of  Oxford. 
I.— GENERAL  SKETCH  OF   EUROPEAN    HISTORY.       By 

EDWARD    A.    FREEMAN,    D.C.L.     New   Edition,    revised    and 

enlarged,  with  Chronological  Table,  Maps,  and  Index.  i8mo.  3*.  6d. 
II.— HISTORY  OF  ENGLAND.     By  EDITH  THOMPSON.     New 

Ed.,  revised  and  enlarged,  with  Coloured  Maps.      iSino.     2s.  6d. 
III.— HISTORY  OF  SCOTLAND.   By  MARGARET  MACARTHUR. 

New  Edition.     i8mo.     2s. 
IV.— HISTORY  OF  ITALY.     By  the  Rev.    W.    HUNT,    M.A. 

New  Edition,  with  Coloured  Maps.      i8mo.     $s.  6d. 
V.— HISTORY  OF  GERMANY.      By   J.    SIME,    M.A.      New 

Edition  Revised.     i8mo.     y. 
VI.— HISTORY  OF  AMERICA.     By  JOHN  A.  DOYLE.     With 

Maps.     i8mo.     4.5.  6d. 
VII.— EUROPEAN  COLONIES.     By  E.  J.  PAYNE,  M.A.     With 

Maps.     i8mo.     qs.  6d. 
VIII.— FRANCE.      By  CHARLOTTE  M.  YONGE.       With    Maps. 

i8mo.     3.?.  6d. 

GREECE.     By  EDWARD  A.  FREEMAN,  D.C.L.      [In preparation. 
ROME.     By  EDWARD  A.  FREEMAN,  D.C.L.  \Inpreparatwn. 
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History  Primers— Edited  by  JOHN  RICHARD  GREEN,  M.A., 
LL.D.,  Author  of  "A  Short  History  of  the  English  People." 

ROME.  By  the  Rev.  M.  CREIGHTON,  M.A.,  Dixie  Professor  of 
Ecclesiastical  History  in  the  University  of  Cambridge.  With 
Eleven  Maps.  i8mo.  is. 

GREECE.  By  C.  A.  FYFFE,  M.A.,  Fellow  and  late  Tutor  of 
University  College,  Oxford.  With  Five  Maps.  i8mo.  is. 

EUROPEAN  HISTORY.  By  E.  A.  FREEMAN,  D.C.L.,  LL.D. 
With  Maps.  iSmo.  is. 

GREEK  ANTIQUITIES.  By  the  Rev.  J.  P.  MAHAFFY,  M.A. 
Illustrated.  iSmo.  is. 

CLASSICAL  GEOGRAPHY.    By  H.  F.  TOZER,  M.A.   iSmo.   is. 

GEOGRAPHY.     By  Sir  G.  GROVE,  D.C.L.     Maps.     i8mo.     is. 

ROMAN  ANTIQUITIES.  By  Professor  WILKINS.  Illus- 
trated. iSmo.  is. 

FRANCE.     By  CHARLOTTE  M.  YONGE.     iSmo.     u. 

Hole. — A  GENEALOGICAL  STEMMA  OF  THE  KINGS  OF 
ENGLAND  AND  FRANCE.  By  the  Rev.  C.  HOLE.  On 
Sheet,  is. 

Jennings— CHRONOLOGICAL  TABLES.  Compiled  by  Rev 
A.  C.  JENNINGS.  [In  the  press, 

Kiepert. — A  MANUAL  OF  ANCIENT  GEOGRAPHY.    From 

the  German  of   Dr.  H.  KIEPERT.     Crown  8vo.     5*. 

Labberton. — NEW  HISTORICAL  ATLAS  AND  GENERAL 

HISTORY.     By  R.  H.  LABBERTON,  Litt  Hum.D.     410.     New 
Edition  Revised  and  Enlarged.      i$s. 

Lethbridge. — A  SHORT  MANUAL  OF  THE  HISTORY  OF 

INDIA.  \Vith  an  Account  of  INDIA  AS  IT  is.  The  Soil, 
Climate,  and  Productions  ;  the  People,  their  Races,  Religions, 
Public  Works,  and  Industries  ;  the  Civil  Services,  and  System  of 
Administration.  By  Sir  ROPER  LETHBRIDGE,  M.A..  ''.I.E.,  late 
Scholar  of  Exeter  College,  Oxford,  formerly  Principal  of  Kish 
College,  Bengal,  Fellow  and  sometime  Examiner  of  the  Calcutta 
University.  With  Maps.  Crown  8vo.  5-r. 

Michelet. — A  SUMMARY  OF  MODERN  HISTORY.  Trans- 
lated from  the  French  of  M.  MICHELET,  and  continued  to  the 
Present  Time,  by  M.  C.  M.  SIMPSON.  Globe  8vo.  4*.  6d. 

Norgate.— ENGLAND  UNDER  THE  ANGEVIN  KINGS. 
By  KATE  NORGATE.  With  Maps  and  Plans.  2  vols.  8vo.  32^. 

Otte*.— SCANDINAVIAN  HISTORY.  By  E.  C.  OTTE.  With 
Maps.  Globe  Svo.  6s. 

Ramsay. — A  SCHOOL  HISTORY  OF  ROME.  By  G.  G. 
RAMSAY,  M.A.,  Professor  of  Humanity  in  the  University  of 
Glasgow.  With  Maps.  Crown  8vo.  [///  preparation. 
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Seeley — Works  by  J.  R.    SEELEY,    M.A.,  Reg:,us   Professor  of 

Modern  History  in  the  University  of  Cambridge. 
THE  EXPANSION  OF  ENGLAND.     Crown  8vo.     4*.  6d. 
OUR   COLONIAL    EXPANSION.      Extracts   from   the   above. 

Crown  8vo.     Sewed,     is. 
Tait. — ANALYSIS  OF  ENGLISH  HISTORY,  based  on  Green's 

"Short  History  of  the  English  People."     By  C.   W.  A.  TAIT, 

M.A.,  Assistant-Master,  Clifton  College.     Crown  8vo.     3*.  6d. 
Wheeler. — A  SHORT  HISTORY  OF  INDIA  AND  OF  THE 

FRONTIER    STATES    OF    AFGHANISTAN,    NEPAUL, 

AND   BURMA.      By  J.   TALBOYS  WHEELER.      With    Maps. 

Crown  8vo.     I2j. 

Yonge  (Charlotte  M.).  —  CAMEOS  FROM  ENGLISH 
HISTORY.  By  CHARLOTTE  M.  YONGE,  Author  of  "The  Heir 
of  Redclyffe,"  Extra  fcap.  8vo.  New  Edition.  $s.  each,  (i) 
FROM  ROLLO  TO  EDWARD  II.  (2)  THE  WARS  IN 
FRANCE.  (3)  THE  WARS  OF  THE  ROSES.  (4)  REFOR- 
MATION TIMES.  (5)  ENGLAND  AND  SPAIN.  (6)  FORTY 
YEARS  OF  STUART  RULE  (1603—1643). 

EUROPEAN  HISTORY.  Narrated  in  a  Series  of  Historical 
Selections  from  the  Best  Authorities.  Edited  and  arranged  by 
E.  M.  SEWELL  and  C.  M.  YONGE.  First  Series,  1003—1154. 
New  Edition.  Crown  8vo.  6s.  Second  Series,  1088 — 1228. 
New  Edition.  Crown  8vo.  6s. 

THE  VICTORIAN  HALF  CENTURY— A  JUBILEE  BOOK. 
With  a  New  Portrait  of  the  Queen.  Crown  8vo.  paper  covers,  u. 
Cloth,  is.  6d. 


MODERN    LANGUAGES    AND 
LITERATURE. 

(i)  English,  (2)  French,  (3)  German,  (4)  Modern 
Greek,  (5)  Italian. 

ENGLISH. 

Abbott. — A  SHAKESPEARIAN  GRAMMAR.  An  attempt  to 
illustrate  some  of  the  Differences  between  Elizabethan  and  Modern 
English.  By  the  Rev.  E.  A.  ABBOTT,  D.D.,  Head  Master  of  the 
City  of  London  School.  New  Edition.  Extra  fcap.  8vo.  6s. 

Brooke. — PRIMER  OF  ENGLISH  LITERATURE.    By  the 

Rev.    STOPFORD  A.    BROOKE,    M.A.      i8mo.      is.      (Literature 
Primers. 

Butler. — HUDIBRAS.  Edited,  with  Irtroduction  and  Notes,  by 
ALFRED  MILNES,  M.A.  Lon.,  late  Student  of  Lincoln  College* 
Oxford.  Extra  fcap  8vo.  Part  I.  3*.  6d.  Partstfl.  and  III.  4*.  6d. 
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Cowper's  TASK:  AN  EPISTLE  TO  JOSEPH  HILL,  ESQ.; 
TIROCINIUM,  or  a  Review 'of  the  Schools;  and  THE  HIS- 
TORY OF  JOHN  GILPIN.  Edited,  with  Notes,  by  WILLIAM 
BENHAM,  B.D.  Globe  8vo.  is.  (Globe  Readings  from  Standard 
Authors.} 

Dowden. — SHAKESPEARE.  By  Professor  DOWDEN.  i8mo. 
is.  (Literature  Primers.) 

Dry  den. —SELECT  PROSE  WORKS.  Edited,  with  Introduction 
and  Notes,  by  Professor  C.  D.  YONGE.  Fcap.  8vo.  zs.  6d. 

Gladstone. — SPELLING  REFORM  FROM  AN  EDUCA- 
TIONAL POINT  OF  VIEW.    By  J.  H.  GLADSTONE,  Ph.D., 
F.R.S.,  Member  of  the  School  Board  for  London.     New  Edition.  . 
Crown  8vo.     is.  6d. 

Globe  Readers.  For  Standards  I.— VI.  Edited  by  A.  F. 
MURISON.  Sometime  English  Master  at  the  Aberdeen  Grammar 
School.  With  Illustrations.  Globe  8vo. 


Primer  1.    (48  pp.)  3^. 

Primer  II.    (48  pp,)  %d. 

Book      I.    (96  pp.)  6d. 
Book    II.  (136  pp.) 


Book  III.  (232  pp.)  is.  $d. 
Book  IV.  (328  pp.)  is.  yd. 
Book    V.  (416  pp.)  2s. 
Book  VI.  (448  pp.)  2s.  6d. 


"Among  the  numerous  sets  of  readers  before  the  public  the  present  series  is 
honourably  distinguished  by  the  marked  superiority  of  its  materials  and  the 
careful  ability  with  which  they  have  been  adapted  to  the  growing  capacity  of  the 
pupils.  The  plan  of  the  two  primers  is  excellent  for  facilitating  the  child's  first 
attempts  to  read.  In  the  first  three  following  books  there  is  abundance  of  enter- 
taining reading Better  food  for  young  minds  could  hardly  be  found.'  — 

THE  ATHENVEUM. 

*The  Shorter  Globe  Readers. — with  Illustrations.  Globe 

8vo. 


Primer  I.  (48  pp.)  3d. 
Primer  II.  (48  pp.)  3d. 
Standard  I.  (92  pp.)  6d. 
Standard  II.  (124:  pp.) 


Standard  III.  (178  pp.)  w. 
Standard  IV.  (182  pp.)  is. 
Standard    V.  (216  pp.)  is.  3d. 
Standard  VI.  (228  pp.)  I*. 


*  This  Series  has  been  abridged  from  "The  Globe  Readers"  to  meet  the  demand 
or  smaller  reading  books. 

GLOBE     READINGS    FROM     STANDARD    AUTHORS. 

Cowper's  TASK:  AN  EPISTLE  TO  JOSEPH  HILL,  ESQ.; 
TIROCINIUM,  or  a  Review  of  the  Schools ;  and  THE  HIS- 
TORY OF  JOHN  GILPIN.  Edited,  with  Notes,  by  WILLIAM 
BENHAM,  B.D.  Globe  8vo.  is. 

Goldsmith's  VICAR  OF  WAKEFIELD.  With  a  Memoir  of 
Goldsmith  by  Professor  MASSON.  Globe  8vo.  is. 

Lamb's    (Charles)    TALES    FROM    SHAKESPEARE. 

Edited,    with    Preface,    by    ALFRED    AINGER,    M.A.       Globe 
8vo.     2s. 

Scott's  (Sir  Walter)  LAY  OF  THE  LAST  MINSTREL; 

and  THE  LADY  OF  THE  LAKE.      Edited,  with  Introductions 
and  Notes,  by  FRANCIS  TURNER  PALGRAVE.     Globe  8vo.     is. 
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Scott's  (Sir  Walter)  MARMION  ;  and  the  LORD  OF  THE 

ISLES.     By  the  same  Editor.     Globe  8vo.      is. 

The  Children's    Garland  from  the   Best  Poets. — 

Selected  and  arranged  by  COVENTRY  PATMORE.     Globe  8vo.     2s. 
Yonge  (Charlotte  M.). — A  BOOK  OF  GOLDEN  DEEDS 

OF  ALL  TIMES  AND  ALL  COUNTRIES.  Gathered  and 
narrated  anew  by  CHARLOTTE  M.  YONGE,  the  Author  of  "  The 
Heir  of  Redclyffe."  Globe  8vo.  2s. 

Goldsmith.— THE   TRAVELLER,   or  a   Prospect   of  Society  ; 

and  THE  DESERTED  VILLAGE.      By  OLIVER  GOLDSMITH. 

With  Notes,  Philological  and  Explanatory,  by  J.  W.  HALES,  M.A. 

Crown  8vo.     6d. 
THE  VICAR  OF  WAKEFIELD.     With  a  Memoir  of  Goldsmith 

by  Professor   MASSON.     Globe  8vo.     is.     (Globe  Readings  from 

Standard  Authors.) 
SELECT  ESSAYS.      Edited,    with    Introduction   and    Notes,    by 

Professor  C.  D.  YONGE.     Fcap.  8vo.     2s.  6d. 
Hales.— LONGER  ENGLISH  POEMS,  with  Notes,  Philological 

and  Explanatory,  and  an  Introduction  on  the  Teaching  of  English, 

Chiefly  for  Use  in  Schools.      Edited  by  J.   W.   HALES,    M.A., 

Professor  of  English  Literature  at  King's  College,  London.     New 

Edition.  -  Extra  fcap.  Svo.     43.  6d. 
Johnson's   LIVES   OF  THE   POETS.      The   Six   Chief    Lives 

(Milton,   Dryden,   Swift,  Addison,  Pope,   Gray),  with  Macaulay's 

"  Life  of  Johnson."     Edited  with  Preface  and  Notes  by  MATTHEW 

ARNOLD.     New  and  cheaper  edition.     Crown  Svo.     4J.  6d. 

Lamb  (Charles).— TALES  FROM  SHAKESPEARE.  Edited, 

with  Preface,  by  ALFRED  AINGER,  M.A.  Globe  Svo.  2s. 
(Globe  Readings  from  Standard  Authors.} 

Literature  Primers — Edited  by  JOHN  RICHARD  GREEN, 
M.A.,  LL.D.,  Author  of  "A  Short  History  of  the  English  People." 

ENGLISH  COMPOSITION.     By  Professor  NICHOL.     iSmo.     is. 

ENGLISH  GRAMMAR.  By  the  Rev.  R.  MORRIS,  LL.D.,  some- 
time President  of  the  Philological  Society.  iSmo.  is.- 

ENGLISH  GRAMMAR  EXERCISES.  By  R.  MORRIS,  LL.D., 
and  H.  C.  BOWEN,  M.A.  iSmo.  is. 

EXERCISES  ON  MORRIS'S  PRIMER  OF  ENGLISH 
GRAMMAR.  By  JOHN  WETHERELL,  of  the  Middle  School, 
Liverpool  College.  i8mo.  is. 

ENGLISH  LITERATURE.  By  STOPFORD  BROOKE,  M.A.  New 
Edition.  l8mo.  is. 

SHAKSPERE.     By  Professor  DOWDEN.     iSmo.     is. 

THE  CHILDREN'S  TREASURY  OF  LYRICAL  POETRY. 
Selected  and  arranged  with  Notes  by  FRANCIS  TURNER  PAL- 
GRAVE.  In  Two  Parts.  i8mo.  is.  each. 

PHILOLOGY.     By  J.  PEILE,  M.A.     i8mo.     is. 
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A  History  of  English  Literature  in  Four  Volumes. 
Crown  8vo. 

EARLY  ENGLISH  LITERATURE.     By  STOPFORD  BROOKE, 
M.A.  [In  preparation. 

ELIZABETHAN  LITERATURE.      By  GEORGE  SAINTSBURY. 

[In  the  press. 

THE  AGE  OF  QUEEN  ANNE.     By  EDMUND  GOSSE.     [In  prep. 
THE  MODERN  PERIOD.  By  PROFESSOR  E.  DOWDEN.   [In  prep. 

Macmillan's  Reading  Books. — Adapted  to  the  English  and 
Scotch  Codes.     Bound  in  Cloth. 


PRIMER.  i8mo.  (48  pp.)     zd. 
BOOK  I.  for  Standard  I.     iSnio. 

(96  pp.)     4'/. 
BOOK  II.  for  Standard  II.  iSmo. 

(144  pp.)     5flT. 
BOOK  V.  for  Standard  V.   i8mo. 

(380  pp.)     if. 


BOOK    III.    for   Standard   III. 
iSmo.     (160  pp.)     6ct. 

BOOK    IV.    for    Standard    IV. 

i8mo.     (176  pp.)     8d. 
BOOK  VI.  for  Standard  VI.  Cr. 

8vo.     (430  pp.)     zs. 


Book   VI.  is  fitted  for  higher  Classes,    and  as   an    Introduction  to 
English  Literature. 

Macmillan's  Copy-Books — 

Published  in  two  sizes,  viz.  : — 

1.  Large  Post  410.     Price  4^.  each. 

2.  Posit  Oblong.     Price  zd.  each. 

1.  INITIATORY  EXERCISES  AND  SHORT  LETTERS. 

2.  WORDS  CONSISTING  OF  SHORT  LETTERS 

*3.  LONG  LETTERS.     With  Words  containing  Long  Letters— Figures. 
*4.  WORDS  CONTAINING  LONG  LETTERS. 

4a.  PRACTISING  AND  REVISING  COPY-BOOK.     For  Nos.  i  to  4. 
*5.  CAPITALS  AND  SHORT  HALF-TEXT.  Words  beginning  with  a  Capital. 
*6.   HALF-TEXT  WORDS  beginning  with  Capitals— Figures. 
*7.  SAIALL-HAND  AND  HALF-TEXT.     Wiih  Capitals  'and  Figures. 
*8.   SMALL-HAND  AND  HALF-TEXT.     With  Capitals  and  Figures. 
8a.  PRACTISING  AND  REVISING  COPY-BOOK.     For  Nos.  5  to  8. 
*9.  SMALL-HAND  SINGLE  HEADLINES— Figures. 
10.  SMALL-HAND  SINGLE  HEADLINES  -  Figures. 
IT.  SMALL-HAND  DOUBLE  HEADLINES— Figures. 
12.  COMMERCIAL  AND  ARITHMETICAL  EXAMPLES,  &c. 
iza.  PRACTISING  AND  REVISING  COPY-BOOK.     For  Nos.  8  to  12. 
*  These  numbers  may  be  had  with  Goodman 's  Patent  Sliding 
Copies.     Large  Post  410.     Price  6d.  each. 

Martin.— THE   POET'S  HOUR  :    Poetry  selected  and  arranged 
for  Children.      By   FRANCES  MARTIN,     New  Edition.      iSmo. 

2S.  6d. 

SPRING-TIME    WITH    THE    POETS  :    Poetry    selected    by 
FRANCES  MARTIN.     New  Edition.     i8mo.     3^  6d. 

Milton. — By   STOPFORD   BROOKE,    M.A.      Fcap.    8vo.      is.   6d. 
{Classical  Writers  Series.) 
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Milton. — PARADISE  LOST.  Books  I.  and  II.  Edited,  with 
Introduction  and  Notes,  by  M.  MACMILLAN,  B.A.  Oxon, 
Professor  of  Logic  and  Moral  Philosophy,  Elphinstone  College, 
Bombay.  Globe  8vo.  [In  the  press. 

Morley. — ON  THE  STUDY  OF  LITERATURE.   The  Annual 

Address  to  the  Students  of  the  London  Society  for  the  Extension 

of    University   Teaching.       Delivered    at  the   Mansion    House, 

February  26,  1887.     By  JOHN  MORLEY.    Globe  8vo.  Cloth,     is.  6d. 

*  Also  a  Popular  Edition  in  Pamphlet  form  for  Distribution,  price  2d. 

Morris.— Works  by  the  Rev.  R.  MORRIS,  LL.D. 
HISTORICAL    OUTLINES    OF    ENGLISH     ACCIDENCE, 

comprising  Chapters   on   the  History  and    Development   of   the 

Language,  and  on  Word-formation.      New  Edition.      Extra  fcap. 

8vo.     6s. 
ELEMENTARY    LESSONS    IN    HISTORICAL    ENGLISH 

GRAMMAR,  containing  Accidence  and  Word-formation.     New 

Edition.     i8mo.     2s.  6d. 
PRIMER  OF   ENGLISH  GRAMMAR.     i8mo.     is.     (See  also 

Literature  Primers.} 

Oliphant. — THE  OLD  AND  MIDDLE  ENGLISH.    A  New 

Edition  of  "THE  SOURCES  OF  STANDARD  ENGLISH," 
revised  and  greatly  enlarged.     By  T.  L.  KINGTON  OLIPHANT. 
Extra  fcap.  Svo.     QJ. 
THE  NEW  ENGLISH.  By  the  same  Author.   2vols.  Cr.  Svo.   21  s. 

Palgrave. — THE  CHILDREN'S  TREASURY. OF  LYRICAL 

POETRY.  Selected  and  arranged,  with  Notes,  by  FRANCIS 
TURNER  PALGRAVE.  i8mo.  2s.  6d.  Also  in  Two  Parts. 
i8mo.  is.  each. 

Patmore. — THE  CHILDREN'S  GARLAND   FROM  THE 

BEST  POETS.  Selected  and  arranged  by  COVENTRY  PATMORE. 
Globe  Svo.  2s.  (Globe  Readings  from  Standard  Authors.} 

Plutarch. — Being  a  Selection  from  the  Lives  which  Illustrate 
Shakespeare.  North's  Translation.  Edited,  with  Introductions, 
Notes,  Index  of  Names,  and  Glossarial  Index,  by  the  Rev.  W. 
W.  SKEAT,  M.A.  Crown  8vo.  6s. 

Scott's   (Sir  W  alter)   LAY  OF  THE  LAST  MINSTREL, 

and  THE  LADY  OF  THE  LAKE.    Edited,  with  Introduction 
and  Notes,  by  FRANCIS  TURNER  PALGRAVE.     Globe  Svo.     is. 
(Globe  Readings  from  Standard  Authors.} 

MARMION  ;  and  THE  LORD  OF  THE  ISLES.  By  the  same 
Editor.  Globe  Svo.  is.  (Globe  Readings  from  Standard  Authors.} 

MARMION.  Edited,  with  Introduction  and  Notes,  by  M.  MAC- 
MILLAN, B.A.  Oxon,  Professor  of  Logic  and  Moral  Philosophy, 
Elphinstone  College,  Bombay.  Globe  Svo.  [/«  the  press. 
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Shakespeare. — A  SHAKESPERIAN  GRAMMAR.  By  Rev. 
E.  A.  ABBOTT,  D.D.,  Head  Master  of  the  City  of  London  School. 
Globe  8vo.  6s. 

A  SHAKESPEARE  MANUAL.  By  F.  G.  FLEAY,  M.A.,  late 
Head  Master  of  Skipton  Grammar  School.  Second  Edition. 
Extra  fcap.  8vo.  45-.  6d. 

PRIMER  OF  SHAKESPEARE.  By  Professor  DOWDEN.  i8mo. 
is.  (Literature  Primers.} 

Sonnenschein  and  Meiklejohn.  —  THE  ENGLISH 
METHOD  OF  TEACHING  TO  READ.  By  A.  SONNEN- 
SCHEIN and  J.  M.  D.  MEIKLEJOHN,  M.A.  Fcap.  8vo. 

COMPRISING  : 

THE  NURSERY  BOOK,  containing  all  the  Two-Letter  Words 
in  the  Language,     id.     (Also  in  Large  Type  on  Sheets  for 
School  Walls.     5-r.) 
THE  FIRST  COURSE,  consisting  of  Short  Vowels  with  Single 

Consonants.     6d. 
THE   SECOND   COURSE,    with   Combinations   and   Bridges, 

consisting  of  Short  Vowels  with  Double  Consonants.     6d. 
THE  THIRD  AND  FOURTH  COURSES,  consisting  of  Long 

Vowels,  and  all  the  Double  Vowels  in  the  Language.     6d. 
"  These  are  admirable  books,  because  they  are  constructed  on  a  principle,  and 
that  the   simplest  principle  on  which   it  is  possible  to  learn  to  read  English." — 
SPECTATOR. 

Taylor. — WORDS  AND  PLACES;  or,  Etymological  Illustra- 
tions of  History,  Ethnology,  and  Geography.  By  the  Rev. 
ISAAC  TA.YLOR,  M.A.,  Litt.  D.,  Hon.  LL.D*,  Canon  of  York. 
Third  and  Cheaper  Edition,  revised  and  compressed.  With  Maps. 
Globe  8vo.  6s. 

Tennyson. — The  COLLECTED  WORKS  of  LORD  TENNY- 
SON, Poet  Laureate.  An  Edition  for  Schools.  In  Four  Parts. 
Crown  8vo.  2s.  6d.  each. 

SELECTIONS  FROM  LORD  TENNYSON'S  POEMS.  Edited 
with  Notes  for  the  Use  of  Schools.  By  the  Rev.  ALFRED 
AINGER,  M.A.,  LL.D.  [In preparation. 

Thring. — THE  ELEMENTS  OF  GRAMMAR  TAUGHT  IN 

ENGLISH.      By  EDWARD  THRING,    M.A.,    Head  Master  of 
Uppingham.    With  Questions.     Fourth  Edition.    i8mo.    2s. 

Vaughan  (C.M.). — WORDS  FROM   THE   POETS.     By 

C.  M.  VAUGHAN.  New  Edition.  i8mo,  cloth,  is. 
Ward. — THE  ENGLISH  POETS.  Selections,  with  Critical 
Introductions  by  various  Writers  and  a  General  Introduction  by 
MATTHEW  ARNOLD.  Edited  by  T.  H.  WARD,  M.A.  4  Vols. 
Vol.  I.  CHAUCER  TO  DONNE.— Vol.  II.  BEN  JONSON 
TO  DRYDEN.— Vol.  III.  ADDISON  TO  BLAKE.— Vol.  TV. 
WORDSWORTH  TO  ROSSETTI.  Crown  8vo.  Each  75.  6d. 
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Wetherell.— EXERCISES     ON     MORRIS'S    PRIMER    OF 

ENGLISH    GRAMMAR.      By    JOHN     WETHERELL,    M.A. 

l8mo.     is.     (Literature  Primers.) 
Woods.— A   FIRST  SCHOOL   POETRY   BOOK.      Compiled 

by  M.  A.  WOODS,  Head  Mistress  of  the  Clifton  High  School  for 

Girls.     Fcap.  8vo.     2s.  6d. 
A  SECOND  SCHOOL  POETRY  BOOK.     By  the  same  Author. 

Fcap.  8vo.  [In  the  press. 

Yonge  (Charlotte  M.). — THE   ABRIDGED    BOOK    OF 

GOLDEN    DEEDS.     A  Reading  Book  for  Schools  and  general 

readers.  By  the  Author  of  "  The  Heir  of  Redclyffe."  i8mo,  cloth,  u. 

GLOBE  READINGS   EDITION.     Globe  8vo.     2s.     (See  p.  58.) 

FRENCH. 

Beaumarchais.— LE  BARBIER  DE    SEVILLE.     Edited, 

with  Introduction  and  Notes,  by  L.  P.  BLOUET,  Assistant  Master 

in  St.  Paul's  School.     Fcap.  8vo.     3*.  6d. 
Bowen.— FIRST   LESSONS    IN    FRENCH.      By   H.    COUR- 

THOPE  BOWEN,  M.A.,  Principal  of  the  Finsbury  Training  College 

for  Higher  and  Middle  Schools.     Extra  fcap.  8vo.     is. 
Breymann. — Works  by    HERMANN    BREYMANN,    Ph.D.,    Pro- 

fessor  of  Philology  in  the  University  of  Munich. 
A    FRENCH    GRAMMAR    BASED     ON     PHILOLOGICAL 

PRINCIPLES.     Second  Edition.     Extra  fcap.  Svo.     $s.  6d. 
FIRST  FRENCH  EXERCISE  BOOK.     Extra  fcap.  Svo.    4*.  6d. 
SECOND  FRENCH  EXERCISE  BOOK.   Extra  fcap.  Svo.  2s.  6d. 
Fasnacht. — Works  by  G.  EUGENE  FASNACHT,  Author  of  "  Mac- 

millan's    Progressive    French    Course,"    Editor   of  "  Macmillan's 

Foreign  School  Classics,"  &c. 
THE  ORGANIC  METHOD  OF  STUDYING  LANGUAGES. 

Extra  fcap.  Svo.     I.   French.     3^.  6d. 
A    SYNTHETIC    FRENCH    GRAMMAR    FOR    SCHOOLS. 

Crown  Svo.     3^.  6d. 
GRAMMAR   AND    GLOSSARY   OF    THE    FRENCH    LAN- 

GUAGE   OF   THE   SEVENTEENTH   CENTURY.      Crown 

Svo.  [/« preparation. 

Macmillan's  Primary  Series  of  French  and 
German  Reading  Books. — Edited  by  G.  EUGENE 
FASNACHT,  Assistant-Master  in  Westminster  School.  With 
Illustrations.  Globe  Svo. 

DE  MAISTRE— LA  JEUNE  SIBERIENNE  ET  LE  LF.PREUX 
DE  LA  CITE  D'AOSTE.  Edited,  with  Introduction,  Notes, 
and  Vocabulary.  By  STEPHANE  BARLET,  B.  Sc.  Univ.  Gall,  and 
London ;  Assistant-Master  at  the  Mercers'  School,  Examiner  to 
the  College  of  Preceptors,  the  Royal  Naval  College,  &c.  I*.  6d. 
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Macmillan's  Primary  Series  of  French  and 
German  Reading  Books  (continued} 

FLORIAN— SELECT  FABLES.  Edited,  with  Notes,  Vocabulary, 
and  Exercises,  by  CHARLES  YELD,  M.A.,  Head  Master  of 
University  School,  Nottingham.  [/«  preparation. 

OKI  MM— KINDER  UND  HAUSMARCHEN.  Selected  and 
Edited,  with  Notes,  and  Vocabulary,  by  G.  E.  FASNACHT.  2s. 

HAUFF.— DIE  KARAVANE.  Edited,  with  Notes  and  Vocabu- 
lary, by  HERMAN  HAGER,  Ph.D.  Lecturer  in  the  Owens  College, 
Manchester.  2s.  6d. 

LA  FONTAINE— A  SELECTION  OF  FABLES.  Edited,  with 
Introduction,  Notes,  and  Vocabulary,  by  L.  M.  MORIARTY,  B.A., 
Professor  of  French  in  King's  College,  London,  zs. 

PERRAULT— CONTES  DE  FEES.  Edited,  with  Introduction, 
Notes,  and  Vocabulary,  by  G.  E.  FASNACHT.  is. 

G.  SCHWAB— ODYSSEUS.  With  Introduction,  Notes,  and 
Vocabulary,  by  the  same  Editor.  [/« preparation. 

Macmillan's   Progressive   French   Course. — By  G. 

EUGENE  FASNACHT,  Assistant- Master  in  Westminster  School. 
I. — FIRST   YEAR,    containing    Easy    Lessons     on     the    Regular 

Accidence.     Extra  fcap.  8vo.     is. 
II. — SECOND  YEAR,    containing  an   Elementary  Grammar  with 

copious  Exercises,  Notes,  and  Vocabularies.     A  new  Edition, 

enlarged  and  thoroughly  revised.     Extra  fcap.  8vo.     2s. 
III. — THIRD  YEAR,  containing  a  Systematic  Syntax,  and  Lessons 

in  Composition.     Extra  fcap.  8vo.     2s.  6d. 

THE    TEACHER'S      COMPANION      TO      MACMILLAN'S 
PROGRESSIVE  FRENCH  COURSE.     With  Copious  Notes,. 
Hints  for  Different  Renderings,  Synonyms,  Philological  Remarks, 
&c.     By  G.    E.    FASNACHT.     Globe  8vo.     Second    Year  ^s.  6d. 
Third  Year  45.  6d. 

Macmillan's    Progressive     French     Readers.     By 

G.  EUGENE  FASNACHT. 

I. — FIRST  YEAR,  containing  Fables,  Historical  Extracts,  Letters, 
Dialogues,  Ballads,  Nursery  Songs,  &c.,  with  .Two  Vocabularies : 
(i)  in  the  order  of  subjects;  (2)  in  alphabetical  order.  Extra 
fcap.  8vo.  2s.  6d. 

II. — SECOND  YEAR,  containing  Fiction  in  Prose  and  Verse, 
Historical  and  Descriptive  Extracts,  Essays,  Letters,  Dialogues, 
&c.  Extra  fcap.  8vo.  2s.  6d. 

Macmillan's  Foreign  School  Classics.    Edited  by  G. 
EUGENE  FASNACHT.     i8mo. 

FRENCH. 

CORNEILLE— LE  CID.    Edited  by  G.  E.  FASNACHT.    is. 
DUMAS— LES    DEMOISELLES    DE    ST.  CYR.      Edited  by 
VICTOR  OGER,  Lecturer  in  University  College,  Liverpool,   is.  6d. 
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LA  FONTAINE'S  FABLES.     Books  I.—  VI.     Edited  by  L.  M. 

MORIARTY,  B.  A.,  Professor  of  French  in  King's  College,  London. 

[In  preparation. 

MOLIERE— L'AVARE.      By  the  same  Editor,     is. 
MOLIERE— LE  BOURGEOIS  GENTILHOMME.     By  the  same 

Editor,     u.  6d. 
MOLIERE— LES  FEMMES  SAVANTES.   By  G.  E.  FASNACHT. 

is. 

MOLIERE— LE  MISANTHROPE.     By  the  same  Editor,     u. 
MOLIERE--LE    MEDECIN    MALGRE    LUI.       By  the    same 

Editor,     ij. 
RACINE— BRITANNICUS.     Edited    by  EUGENE    PELLISSIER, 

Assistant-Master  in  Clifton  College,  and  Lecturer  in  University 

College,  Bristol,     zs. 
FRENCH  READINGS  FROM  ROMAN  HISTORY.     Selected 

from  Various  Authors  and  Edited  by  C.   COLBECK,   M.A.,  late 

Fellow    of     Trinity    College,    Cambridge ;    Assistant  -Master    at 

Harrow.     41.  6d. 
SAND,  GEORGE— LA  MARE  AU  DIABLE.     Edited  by  W.  E. 

RUSSELL,  M.A.,  Assistant  Master  in  Haileybury  College,     u. 
SANDEAU,  JULES— MADEMOISELLE  DE  LA  SEIGLIERE. 

Edited  by  H.  C.  STEEL,  Assistant  Master  in  Winchester  College. 

i*.  6d. 
THIERS'S  HISTORY  OF  THE  EGYPTIAN  EXPEDITION. 

Edited    by    Rev.    H.    A.    BULL,    M.A.       Assistant-Master    in 

Wellington  College.  [In  preparation. 

.     VOLTAIRE—CHARLES  XII.  Edited  by  G.E.  FASNACHT.  3^.6^. 

***  Other  volumes  to  follow. 
(See  also    German  Authors,    page  65.) 

Masson  (Gustave).— A  COMPENDIOUS  DICTIONARY 

OF  THE  FRENCH  LANGUAGE  (French-English  and  English- 
French).  Adapted  from  the  Dictionaries  of  Professor  ALFRED 
ELWALL.  Followed  by  a  List  of  the  Principal  Diverging 
Derivations,  and  preceded  by  Chronological  and  Historical  Tables. 
By  GUSTAVE  MASSON,  Assistant  Master  and  Librarian,  Harrow 
School.  New  Edition.  Crown  8vo.  6s. 

Moliere.— LE  MALADE  IMAGINAIRE.  Edited,  with  intro- 
duction and  Notes,  by  FRANCIS  TARVER,  M.A.,  Assistant  Master 
at  Eton.  Fcap.  8vo.  2s.  6d. 

(See  also  Macmillaris  Foreign  School  Classics.) 

Pellissier.— FRENCH  ROOTS  AND  THEIR  FAMILIES.  A 
Synthetic  Vocabulary,  based  upon  Derivations,  for  Schools  and 
Candidates  for  Public  Examinations.  By  EUGENE  PELLISSIER, 
M.A.,  B.Sc.,  LL.B.,  Assistant  Master  at  Clifton  College,  Lecturer 
at  University  College,  Bristol.  Globe  8vo.  6s. 
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GERMAN, 

HUSS.— A  SYSTEM  OF  ORAL  INSTRUCTION  IN  GERMAN, 

by  means  of  Progressive  Illustrations  and  Applications  of  the 
leading  Rules  of  Grammar.  By  HERMANN  C.  O.  Huss,  Ph.D. 
Crown  8vo.  55. 

Macmillan's  Progressive  German  Course.     By  G. 

EUGENE  FASNACHT. 

PART  I. — FIRST  YEAR.  Easy  Lessons  and  Rules  on  the  Regular 
Accidence.  Extra  fcap.  8vo.  is.  6d. 

Part  II. — SECOND  YEAR.  Conversational  Lessons  in  Systematic 
Accidence  and  Elementary  Syntax.  With  Philological  Illustrations 
and  Etymological  Vocabulary.  New  Edition,  enlarged  and 
thoroughly  recast.  Extra  fcap.  8vo.  35.  6d. 

Part  III. — THIRD  YEAR.  [In  preparation. 

TEACHER'S  COMPANION  TO  MACMILLAN'S  PROGRES- 
SIVE GERMAN  COURSE.  With  copious  Notes,  Hints  for 
Different  Renderings.  Synonyms,  Philological  Remarks,  &c.  By 
G.  E.  FASNACHT.  Extra  Fcap.  8vo.  FIRST  YEAR.  4^.  6d. 

SECOND  YEAR.     4s.  6d. 

Macmillan's    Progressive    German    Readers.     By 
G.  E.  FASNACHT. 

I. — FIRST  YEAR,  containing  an  Introduction  to  the  German  order 

of  Words,  with  Copious  Examples,  extracts  from  German  Authors 

in  Prose  and  Poetry  ;  Notes,  and  Vocabularies.    Extra  Fcap.  8vo. , 

2s.  6d. 

Macmillan's   Primary    German    Reading    Books. 

(See  page  62.) 

Macmillan's    Foreign    School    Classics.     Edited  by 
G.  EUGENE  FASNACHT,  i8mo. 

GERMAN. 

FREYTAG  (G.).— DOKTOR  LUTHER.  Edited  by  FRANCIS 
STORR,  M.A.,  Head  Master  of  the  Modern  Side,  Merchant  Tay- 
lors' School.  [In  preparation. 

GOETHE— GOTZ  VON  BERLICHINGEN.     Edited  by  H.  A. 

BULL,  M.A.,  Assistant  Master  at  Wellington  College.     2s. 
GOETHE— FAUST.      PART  I.,  followed  by  an  Appendix  on  PART 

II.     Edited  by  JANE    LEE,    Lecturer   in   German   Literature   at 

Newnham  College,  Cambridge.     4J.  6d. 
HEINE— SELECTIONS  FROM  THE   REISEBILDER  AND 

OTHER  PROSE   WORKS.      Edited  by  C.  COLBECK,  M.A., 

Assistant-Master    at    Harrow,    late   Fellow  of    Trinity    College, 

Cambridge.     2s.  £d, 
LESSING.  —MINNA    VON    BARNHELM.      Edited  by  JAMES 

SlME.  [In  prepara  'ion. 
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SCHILLER— SELECTIONS  FROM  SCHILLER'S  LYRICAL 
POEMS.  Edited,  with  Notes  and  a  Memoir  of  Schiller,  by  E.  J. 
TURNER,  B.A.,  and  E.  D.  A.  MORSHEAD,  M.A.  Assistant- 
Masters  in  Winchester  College.  2s.  6d. 

SCHILLER— DIE  JUNGFRAU  VON  ORLEANS.  Edited  by 
JOSEPH  GOSTWICK.  zs.  6d. 

SCHILLER— MARIA  STUART.  Edited  by  C.  SHELDON,  M.A., 
D.Lit.,  of  the  Royal  Academical  Institution,  Belfast.  2s.  6d. 

SCHILLER— WILHELM  TELL.      Edited  by  G.  E.  FASNACHT. 

[In  the  press. 

SCHILLER.— WALLENSTEINS  LAGER.  Edited  by  H.  B. 
COTTERILL,  M.A.  '  [In  the  press. 

UHLAND— SELECT  BALLADS.  Adapted  as  a  First  Easy  Read- 
ing Book  for1  Beginners.  With  Vocabulary.  Edited  by  G.  E. 
FASNACHT.  is. 

*#*  Other  Volumes  to  follow. 
(See  also  French  Authors,  page  63.) 

Pylodet.— NEW  GUIDE  TO  GERMAN  CONVERSATION} 

containing  an  Alphabetical  List  of  nearly  800  Familiar  Words; 
followed  by  Exercises  ;  Vocabulary  of  i  Words  in  frequent  use  ; 
Familiar  Phrases  and  Dialogues ;  a  Sketch  of  German  Literature, 
Idiomatic  Expressions,  &c.  By  L.  PYLODET.  i8mo,  cloth  limp. 
2s.  6d. 
Whitney. — Works  by  W.  D.  WHITNEY,  Professor  of  Sanskrit 

and  Instructor  in  Modern  Languages  in  Yale  College. 

A  COMPENDIOUS  GERMAN  GRAMMAR.  Crown  8vo.  4*.  6d. 

A  GERMAN  READER  IN  PROSE  AND  VERSE.     With  Notes 

and  Vocabulary.     Crown  8vo.     5*. 

Whitney   and   Edgren. — A  COMPENDIOUS  GERMAN 

AND  ENGLISH  DICTIONARY,  with  Notation  of  Correspon- 
dences and  Brief  Etymologies.     By  Professor  W.  D.  WHITNEY, 
assisted  by  A.  H.  EDGREN.     Crown  8vo.     TS.  6d. 
THE  GERMAN-ENGLISH  PART,  separately,  $s. 

MODERN  GREEK. 
Vincent  and  Dickson.  —  HANDBOOK  TO  MODERN 
GREEK.  By  EDGAR  VINCENT  and  T.  G.  DICKSON,  M.A. 
Second  Edition,  revised  and  enlarged,  with  Appendix  on  the 
relation  of  Modern  and  Classical  Greek  by  Professor  JEBB. 
Crown  8vo.  6s. 

ITALIAN. 
Dante.  —  THE  PURGATORY  OF  DANTE.    Edited,  with 

Translation  and  Notes,  by  A.  J.  BUTLER,  M.A.,  late  Fellow  of 
Trinity  College,  Cambridge.     Crown  8 vo.     12s.  6d. 
THE  PARADISO  OF  DANTE.     Edited,   with  Translation  and 
Notes,  by  the  same  Author.     Crown  8vo.      125-.  6d. 
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DOMESTIC  ECONOMY. 

Barker. -FIRST  LESSONS  IN  THE  PRINCIPLES  OF 
COOKING.  By  LADY  BARKER,  New  Edition.  i8mo.  is. 

Berners.— FIRST  LESSONS  ON  HEALTH.  By  J.  BERNERS. 
New  Edition.  i8mo.  is. 

Fawcett.— TALES  IN  POLITICAL  ECONOMY.    By  MILLI- 

CENT  GARRETT  FAWCETT.     Globe  8vo.    3^. 

Frederick.— HINTS  TO  HOUSEWIVES  ON  SEVERAL 
POINTS,  PARTICULARLY  ON  THE  PREPARATION  OF 
ECONOMICAL  AND  TASTEFUL  DISHES.  By  Mrs. 
FREDERICK.  Crown  8vo.  is. 

"This  unpretending  and  useful  little  volume  distinctly  supplies  a  desideratum 
....  The  author  steadily  keeps  in  view  the  simple  aim  of  'making  every-day 
Dieals  at  home,  particularly  the  dinner,  attractive/  without  adding  to  the  ordinary 
household  expenses." — SATURDAY  REVIEW. 

Grand'homme. —  CUTTING-OUT  AND  DRESSMAKING. 
From  the  French  of  Mdlle.  E.  GRAND'HOMME.  With  Diagrams. 
i8mo.  is. 

Jex- Blake.— THE  CARE  OF  INFANTS.  A  Manual  for 
Mothers  and  Nurses.  By  SOPHIA  JEX-BLAKE,  M.D.,  Member 
of  the  Irish  College  of  Physicians  ;  Lecturer  on  Hygiene  at 
the  London  School  of  Medicine  for  Women.  i8mo.  is. 

Tegetmeier. — HOUSEHOLD     MANAGEMENT      AND 

COOKERY.       With   an    Appendix    of   Recipes    used    by    the 
Teachers   of    the   National    School    of    Cookery.       By    W.    B. 
TEGETMEIER.     Compiled  at  the  request  of  the  Schoo]  Board  for 
London.     i8mo.     is. 
Thornton.— FIRST   LESSONS   IN    BOOK-KEEPING.     By 

J.  THORNTON.     New  Edition.     Crown  8vo.     zs.  6d. 
The  object  of  this  volume  is  to  make  the  theory  of    Book-keeping    sufficiently 
plain  for  even  children  to  understand  it. 

A  Key  to  the  above  is  in  the  press. 

Wright. — THE  SCHOOL  COOKERY-BOOK.  Compiled  and 
Edited  by  C.  E.  GUTHRIE  WRIGHT,  Hon  Sec.  to  the  Edinburgh 
School  of  Cookery.  i8mo.  is. 

ART  AND  KINDRED  SUBJECTS. 

Anderson.— LINEAR  PERSPECTIVE,  AND  MODEL 
DRAWING.  A  School  and  Art  Class  Manual,  with  Questions 
and  Exercises  for  Examination,  and  Examples  of  Examination 
Papers.  By  LAURENCE  ANDERSON.  With  Illustrations.  Royal 
8vo.  2s. 

Collier. — A  PRIMER  OF  ART.  With  Illustrations.  By  JOHN- 
COLLIER.  i8mo.  is. 

Delamotte A     BEGINNER'S     DRAWING     BOOK.        By 

P.     H.    DELAMOTTE,    F.S.A.      Progressively    arranged.     New 
Edition  improved.     Crown  8vo.     3-r.  6d. 

f'i 
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Ellis. — SKETCHING  FROM  NATURE.  A  Handbook  for 
Students  and  Amateurs.  By  TRISTRAM  J.  ELLIS.  With 
Frontispiece  and  Ten  Illustrations,  by  H.  STACY  MARKS, 
R.A.,  and  Sketches  by  the  Author.  New  Edition,  revised  and 
enlarged.  Crown  8vo.  $s.  6d. 

Hunt.— TALKS  ABOUT  ART.     By  WILLIAM  HUNT.     With 
Letter  from  Sir  J.  E.  MILLAIS,  Bart.,  R.A.     Crown  8vo.    3*.  6d. 

Taylor.— A  PRIMER  OF  PIANOFORTE  PLAYING.    By 

FRANKLIN  TAYLOR.     Edited  by  Sir  GEORGE  GROVE.     i8mo.     u. 
WORKS  ON  TEACHING. 

Blakiston — THE  TEACHER.     Hints  on    School  Management. 

A   Handbook  for    Managers,    Teachers'   Assistants,    and    Pupi; 

Teachers.      By  J.  R.  BLAKISTON,   M.A.     Crown  8vo.     zs.  6d. 

(Recommended    by    the    London,    Birmingham,    and    Leicester 

School  Boards.) 

"  Into  a  comparatively  small  book  he  has  crowded  a  great  deal  of  exceedingly 
useful  and  sound  advice.  It  is  a  plain,  common-sense  book,  full  of  hints  to  the 
teacher  on  the  management  of  his  school  and  his  children." — SCHOOL  BOARD 
CHRONICLE. 

Calderwood — ON  TEACHING.  By  Professor  HENRY  CALDER- 
WOOD.  New  Edition.  Extra  fcap.  8vo.  zs.  6d. 

Carter. — EYESIGHT  IN  SCHOOLS.  A  Paper  read  before  the 
Association  of  Medical  Officers  of  Schools  on  April  I5th,  1885. 
By  R.  BRUDENELL  CARTER,  F.R.C.S.,  Ophthalmic  Surgeon  to 
St.  George's  Hospital.  Crown  8vo.  Sewed,  is. 

Fearon. — SCHOOL  INSPECTION.  By  D.  R.  FEARON,  M.A., 
Assistant  Commissioner  of  Endowed  Schools.  New  Edition, 
Crown  8vo.  zs.  6d. 

Gladstone. — OBJECT  TEACHING.  A  Lecture  delivered  ai 
the  Pupil-Teacher  Centre,  William  Street  Board  School,  Ham 
mersmith.  By  J.  H.  GLADSTONE,  Ph.D.,  F.R.S.,  Member  o: 
the  London  School  Board.  With  an  Appendix.  Crown 
8vo.  3<£ 

"  It  is  a  short  but  interesting  and  instructive  publication,  and  our  younge 
teachers  will  do  well  to  read  it  carefully  and  thoroughly.  There  is  much  in  these 
few  pages  which  they  can  learn  and  profit  by." — THE  SCHOOL  GUARDIAN. 

Hertel.— OVERPRESSURE  IN  HIGH  SCHOOLS  IN  DEN 
MARK.  By  Dr.  HERTEL,  Municipal  Medical  Officer,  Copen 
hagen  Translated  from  the  Danish  by  C.  GODFREY  SORENSEN 
With  Introduction  by  Sir  J.  CRICHTON-BROWNE,  M.D.,  LL.D. 
F.R.S.  Crown  8vo.  $s.  6d. 
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DIVINITY. 

%*   For     other     Works     by     these     Authors,     see     THEOLOGICAL 

CATALOGUE. 
Abbott  (Rev.  E.  A.)— BIBLE  LESSONS.     By  the  Rev. 

E.   A.   ABBOTT,    D.D.,    Head    Master   of   the   City   of   London 
School.     New  Edition.     Crown  8vo.     4^.  6d. 

"Wise,     suggestive,    and    really    profound    initiation    into    religious    thought." 
— GUARDIAN. 

Abbott — Rushbrooke. — THE  COMMON  TRADITION  OF 
THE  SYNOPTIC  GOSPELS,  in  the  Text  of  the  Revised 
Version.  By  EDWIN  A.  ABBOTT,  D.D.,  formerly  Fellow  of  St. 
John's  College,  Cambridge,  and  W.  G.  RUSHBROOKE,  M.L., 
formerly  Fellow  of  St.  John's  College,  Cambridge.  Crown  8vo. 
3-r.  6d. 

The  Acts  Of  the  Apostles.  —  Being  the  Greek  Text  as 
revised  by  Professors  WESTCOTT  and  HORT.  With  Explanatory 
Notes  for  the  Use  of  Schools,  by  T.  E.  PAGE,  M.A.,  late  Fellow 
of  St.  John's  College,  Cambridge;  Assistant  Master  at  the  Charter- 
house. Fcap.  8vo.  4s.  6d. 

Arnold.  — A  BIBLE-READING  FOR  SCHOOLS.  —  THE 
GREAT  PROPHECY  OF  ISRAEL'S  RESTORATION 
(Isaiah,  Chapters  xl. — Ixvi.).  Arranged  and  Edited  for  Young 
Learners.  By  MATTHEW  ARNOLD,  D.C.L.,  formerly  Professor 
of  Poetry  in  the  University  of  Oxford,  and  Fellow  of  Oriel. 
New  Edition.  i8mo,  cloth,  is. 

Arnold.— ISAIAH  XL.— LXVI.  With  the  Shorter  Prophecies 
allied  to  it.  Arranged  and  Edited,  with  Notes,  by  MATTHEW 
ARNOLD.  Crown  8vo.  5*. 

ISAIAH  OF  JERUSALEM,  IN  THE  AUTHORISED  ENG- 
LISH VERSION.  With  Introduction,  Corrections,  and  Notes. 
By  MATTHEW  ARNOLD.  Crown  8vo.  45-  &d. 

Benham. — A  COMPANION  TO  THE  LECTIONARY.  Being 
a  Commentary  on  the  Proper  Lessons  for  Sundays  and  Holy  Days. 
By  Rev.  W.  BENHAM,  B.D.,  Rector  of  S.  Edmund  with  S. 
Nicholas  Aeons,  &c.  New  Edition.  Crown  8vo.  4^.  6J. 

Calvert.  — GREEK  TESTAMENT,  School  Readings  in  the.  A 
Course  of  thirty-six  Lessons  mainly  following  upon  the  Narrative 
of  St.  Mark.  Edited  and  Arranged  with  Introduction,  Notes  and 
Vocabulary,  by  the  Rev.  A.  CALVERT,  M.A.,  late  Fellow  of  St. 
John's  College,  Cambridge.  Fcap.  8vo.  [Immediately. 

Cassel. — MANUAL  OF  JEWISH  HISTORY  AND  LITERA- 
TURE ;  preceded  by  a  BRIEF  SUMMARY  OF  BIBLE  HIS- 
TORY. By  DR.  D.  CASSEL.  Translated  by  Mrs.  HENRY  LUCAS. 
Fcap.  8vo.  2s.  6d. 

Cheetham.— A  CHURCH  HISTORY  OF  THE  FIRST  SIX 
CENTURIES.  By  the  Ven.  ARCHDEACON  CHEETHAM, 
Crown  8vo.  [In  the  press. 
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Cross. — BIBLE  READINGS  SELECTED  FROM  THF 
PENTATEUCH  AND  THE  BOOK  OF  JOSHUA.  B) 
the  Rev.  JOHN  A.  CROSS.  Globe  8vo.  2s.  6d. 

Curteis.— MANUAL  OF  THE  THIRTY-NINE  ARTICLES 
By  G.  H.  CURTEIS,  M.A.,  Principal  of  the  Lichfield  Theo 
logical  College.  [In  preparation 

Davies. — THE  EPISTLES  OF  ST.  PAUL  TO  THE  EPHE 

SIANS,  THE  COLOSSIANS,  AND  PHILEMON;  with 
Introductions  and  Note?,  and  an  Essay  on  the  Traces  of  Foreign 
Elements  in  the  Theology  of  tbese  Epistles.  By  the  Rev.  J 
LLEWELYN  DAVIES,  M.A.,  Rector  of  Christ  Church,  St.  Mary 
lebone ;  late  Fellow  of  Trinity  College,  Cambridge.  Secom 
Edition.  Demy  8vo.  7-r.  6d. 

Drummond. — THE  STUDY  *  OF  THEOLOGY,  INTRO 
DUCTION  TO.  By  JAMES  DRUMMOND,  LL.D.,  Professor  o 
Theology  in  Manchester  New  College,  London.  Crown  8vo. 

Gaskoin.— THE  CHILDREN'S    TREASURY   OF   BIBLE 

STORIES.  By  Mrs.  HERMAN  GASKOIN.  Edited  with  Prefac 
by  Rev.  G.  F.  MACLEAR,  D.D.  PART  I.— OLD  TESTAMENT 
HISTORY.  i8mo.  is.  PART  II.— NEW  TESTAMENT.  iSmo 
is.  PART  III.— THE  APOSTLES :  ST.  JAMES  THE  GREAT 
ST.  PAUL,  AND  ST  JOHN  THE  DIVINE.  i8mo.  is. 

Golden  Treasury  Psalter.— students'  Edition.    Being 

Edition   of    "The    Psalms    Chronologically  arranged,    by    Four 
Friends,"  with  briefer  Notes.     i8mo.     y.  6d. 

Greek    Testament. — Edited,    with    Introduction    and   Appen 

dices,  by  CANON    WESTCOTT  and  Dr.  F.  J.  A.   HORT.      Tw 

Vols.     Crown  Svo.     IQJ.  6d.  each. 

Vol.  I.  The  Text. 

Vol.  II.  Introduction  and  Appendix. 

Greek  Testament. — Edited  by  Canon  WESTCOTT  and  Dr 
HORT.  School  Edition  of  Text.  I2mo.  cloth.  45.  6d.  181110 
roan,  red  edges.  5*.  6d. 

SCHOOL  READINGS  IN.  A  Course  of  Thirty- Six  Lessons,  main 
following  upon  the  Narrative  of  St.  Mark.     Edited  and  Arrangec 
with  Introduction,  Notes,  and  Vocabulary,  by  Rev.  A.  CALVERT 
M.A.,  late  Fellow  of  St.  John's  College,  Cambridge.     Fcap.  Svo 

[Immediatm 

THE  ACTS  OF  THE  APOSTLES.  Being  the  Greek  Text 
revised  by  Drs.  WESTCOTT  and  HORT.  With  Explanatory  Not 
by  T.  E.  PAGE,  M.A.,  Assistant  Master  at  the  Charterhous 
Fcap.  Svo.  4J-.  6d. 

THE  GOSPEL  ACCORDING  TO  ST.  MARK.  Being  the  Gree 
Text  as  revised  by  Drs.  WESTCOTT  and  HORT.  With  Explanato 
Notes  by  Rev.  J.  O.  F.  MURRAY,  M.A.,  Lecturer  in  Emmanu 
College,  Cambridge  Fcap.  Svo.  [In  preparatio 
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Hardwick.— Works  by  Archdeacon  HARDWICK  :  — 
A  HISTORY  OF  THE  CHRISTIAN  CHURCH.  Middle 
Age.  From  Gregory  the  Great  to  the  Excommunication  of 
Lutber.  Edited  by  WILLIAM  STUBBS,  M.A.,  Regius  Professor 
of  Modern  History  in  the  University  of  Oxford.  With  Foui 
Map?.  New  Edition.  Crown  8vo.  ids.  6d. 

A  HISTORY  OF  THE  CHRISTIAN  CHURCH  DURING 
THE  REFORMATION.  Eighth  Edition.  Edited  by  Professor 
STUBBS.  Crown  8vo.  los.  6d. 

Jennings  and  Lowe.— THE  PSALMS,  WITH  INTRO- 
DUCTIONS AND  CRITICAL  NOTES.  By  A.  C.  JENNINGS, 
M.A.  ;  assisted  in  parts  by  W.  H.  LOWE,  M.A.  In  2  vols. 
Second  Edition  Revised.  Crown  8vo.  los.  6d.  each. 

Kuenen.— PENTATEUCH  AND  BOOK  OF  JOSHUA:  an 
Historico- Critical  Inquiry  into  the  Origin  and  Composition  of  the 
Hexateucb.  By  A.  KUENEN,  Professor  of  Theology  at  Leiden. 
Translated  from  the  Dutch,  with  the  assistance  of  the  Author,  by 
PHILLIP  H.  WICKSTEED,  M.A.  Svo.  14*. 

The  OXFORD   MAGAZINE  says: — "The  work  is  absolutely  indispensable  to  all 
special  students  of  the  Old  Testament." 

Lightfoot. — Works  by  the  Right  Rev.  J.  B.  LIGHTFOOT,  D.D., 

D.C.L.,  LL.D.,  Lord  Bishop  of  Durham. 
ST.  PAUL'S  EPISTLE  TO   THE  GALATIANS.      A  Revised 

Text,    with    Introduction,      Notes,     and    Dissertations.       Ninth 

Edition,  revised.     Svo.      I2s. 
ST.  PAUL'S  EPISTLE  TO  THE  PHILIPPIANS.     A  Revised 

Text,     with    Introduction,    Notes,     and    Dissertations.        Ninth 

Edition,  revised.     Svo.     I2s. 
ST.    CLEMENT    OF   ROME— THE    TWO    EPISTLES    TO 

THE  CORINTHIANS.     A  Revised  Text,  with  Introduction  and 

Notes.     Svo.     8j.  6d. 
ST.  PAUL'S  EPISTLES  TO  THE  COLOSSIANS  AND  TO 

PHILEMON.     A   Revised   Text,     with    Introductions,     Notes, 

and  Dissertations.     Eighth  Edition,   revised.     Svo.     I2s. 
THE    APOSTOLIC    FATHERS.     Part   II.     S.    IGNATIUS— 

S.   POLYCARP.      Revised   Texts,    with    Introductions,    Notes, 

Dissertations,  and  Translations.     2  volumes  in  3.     Demy  Svo.  48^. 
Maclear. — Works  by  the  Rev.  G.  F.  MACLEAR,  D.D.,  Canon  of 

Canterbury,  Warden  of  St.   Augustine's  College,  Canterbury,  and 

late  Head-Master  of  King's  College  School,  London  : — 
A  CLASS-BOOK  OF  OLD   TESTAMENT  HISTORY.     New 

Edition,  with  Four  Maps.     i8mo.     4^.  6d. 
A     CLASS-BOOK     OF     NEW     TESTAMENT     HISTORY, 

including   the    Connection  of  the    Old    and     New    Testaments. 

With  Four  Maps.     New  Edition.     i8mo.     $s.  6d. 
A  SHILLING  BOOK   OF    OLD    TESTAMENT    HISTORY, 

for  National  and  Elementary  Schools.     With  Map.     i8mo,  cloth. 

New  Edition. 
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A  SHILLING  BOOK  OF  NEW  TESTAMENT  HISTORY, 
for  National  and  Elementary  Schools.  With  Map.  i8mo,  cloth. 
New  Edition. 

These  works  have  been  carefully  abridged  from   the  Author's 
large  manuals. 

CLASS-BOOK  OF  THE  CATECHISM  OF  THE  CHURCH 
OF  ENGLAND.  New  Edition.  i8mo.  is.  6d. 

A  FIRST  CLASS-BOOK  OF  THE  CATECHISM  OF  THE 
CHURCH  OF  ENGLAND.  With  Scripture  Proofs,  for  Junior 
Classes  and  Schools.  New  Edition.  i8mo.  6d. 

A  MANUAL   OF   INSTRUCTION    FOR   CONFIRMATION 

AND   FIRST    COMMUNION.      WITH     PRAYERS   AND 

DEVOTIONS.     32mo.  cloth  extra,  red  edges.     2s. 

Maurice. — THE    LORD'S    PRAYER,    THE   CREED,    AND 

THE    COMMANDMENTS.        A     Manual     for    Parents    and 

Schoolmasters.     To  which  is  added  the  Order  of  the   Scriptures. 

By  the  Rev.  F.DENISON  MAURICE,  M.  A.     iSmo,  cloth,  limp.     is. 

Pentateuch   and  Book  of  Joshua  :  an  Historic©- Critical 

Inquiry  into  the  Origin  and  Composition  of  the  Hexaleuch.  By 
A.  KUENEN,  Professor  of  Theology  at  Leiden.  Translated  from 
the  Dutch,  with  the  assistance  of  the  Author,  by  PHILIP  H. 
WTCKSTEED,  M.A.  8vo.  14*. 

Procter. — A  HISTORY  OF  THE  BOOK  OF  COMMON 
PRAYER,  with  a  Rationale  of  its  Offices.  By  Rev.  F.  PROCTER. 
M.A.  i yth  Edition,  revised  and  enlarged.  Crown  8vo.  los.  6d. 

Procter  and  Maclear. — AN  ELEMENTARY  INTRO- 
DUCTION TO  THE  BOOK  OF  COMMON  PRAYER.  Re- 
arranged and  supplemented  by  an  Explanation  of  the  Morning 
and  Evening  Prayer  and  the  Litany.  By  the  Rev.  F.  PROCTER 
and  the  Rev.  Dr.  MACLEAR.  New  and  Enlarged  Edition, 
containing  the  Communion  Service  and  the  Confirmation  and 
Baptismal  Offices.  i8mo.  2s.  6d. 

The    Psalms,    with    Introductions    and    Critical 

Notes. — By  A.  C.JENNINGS,  M.A. , Jesus  College,  Cambridge, 
Tyrwhitt  Scholar,  Crosse  Scholar,  Hebrew  University  Prizeman, 
and  Fry  Scholar  of  St.  John's  College,  Carus  and  Scholefield 
Prizeman,  Vicar  of  Whittlesford,  Cambs.  ;  assisted  in  Parts  by  W. 
H.  LOWE,  M.A.,  Hebrew  Lecturer  and  late  Scholar  of  Christ's 
College,  Cambridge,  and  Tyrwhitt  Scholar.  In  2  vols.  Second 
Edition  Revised.  Crown  8vo.  IO.T.  6d.  each. 

Ramsay. — THE  CATECHISER'S  MANUAL;  or,  the  church 

Catechism  Illustrated  and  Explained,  for  the  Use  of  Clergymen, 
Schoolmasters,  and  Teachers.  By  the  Rev.  ARTHUR  RAMSAY, 
M.A.  New  Edition.  i8mo.  is.  6d. 

Ryle.— AN  INTRODUCTION  TO  THE  CANON  OF  THE 
OLD  TESTAMENT.  By  Rev.  H.  E.  RYLE,  M.A.,  Fellow 
of  King's  College,  Cambridge,  and  Principal  of  St.  David's  College, 
Lampeter.  Crown  8vo.  [/«  preparation. 
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St.  John's  Epistles. — The  Greek  Text  with  Notes  and  Essays, 
by  BROOKE  Foss  WESTCOTT,  D.D.,  Regius  Professor  of  Divinity 
and  Fellow  of  King's  College,  Cambridge,  Canon  of  Westminster, 
&c.  Second  Edition  Revised.  8vo.  12s.  6d. 

St.  Paul's  Epistles. — Greek  Text,  with  Introduction  and  Notes. 

THE  EPISTLE  TO  THE  GALATIANS.  Edited  by  the  Right 
Rev.  J.  B.  LIGHTFOOT,  D.D.,  Bishop  of  Durham.  Ninth 
Edition.  Svo.  I2s. 

THE  EPISTLE  TO  THE  PHILIPPIANS.  By  the  same  Editor. 
Ninth  Edition.  Svo.  I2s. 

THE  EPISTLE  TO  THE  COLOSSIANS  AND  TO  PHI- 
LEMON.  By  the  same  Editor.  Eighth  Edition.  Svo.  I2s. 

THE  EPISTLE  TO  THE  ROMANS.  Edited  by  the  Very  Rev. 
C.  J.  VAUGHAN,  D.D.,  Dean  of  Llandaff,  and  Master  of  the 
Temple.  Fifth  Edition.  Crown  Svo.  *]s.  6d, 

THE  EPISTLE  TO  THE  PHILIPPIANS,  with  Translation, 
Paraphrase,  and  Notes  for  English  Readers.  By  the  same  Editor. 
Crown  Svo.  5-r. 

THE  EPISTLE  TO  THE  THESSALONIANS,  COMMENT- 
ARY ON  THE  GREEK  TEXT.  By  JOHNEADIE,  D.D.,  LL.D. 
Edited  by  the  Rev.  W.  YOUNG,  M.A.,  with  Preface  by  Professor 
CAIRNS.  Svo.  12s. 

THE  EPISTLES  TO  THE  EPHESIANS,  THE  COLOSSIANS, 
AND  PHILEMON;  with  Introductions  and  Notes,  and  an 
Essay  on  the  Traces  of  Foreign  Elements  in  the  Theology  of  these 
Epistles.  By  the  Rev.  J.  LLEWELYN  DAVIES,  M.A.,  Rector  of 
Christ  Church,  St.  Marylebone ;  late  Fellow  of  Trinity  College, 
Cambridge.  Second  Edition,  revised.  Demy  Svo.  JS.  6d. 

The  Epistle  to  the  Hebrews.  In  Greek  and  English. 
With  Critical  and  Explanatory  Notes.  Edited  by  Rev.  FREDERIC 
RENDALL,  M.  A.,  formerly  Fellow  of  Trinity  College,  Cambridge, 
and  Assistant-Master  at  Harrow  School.  Crown  Svo.  6s. 

The  Epistle  to  the  Hebrews.      The  Greek  Text  with 

Notes  and  Essays  by  B.  F.  WESTCOTT,  D.D.    Svo.      [/»  the  press. 
WestCOtt. — Works  by  BROOKE  Foss  WESTCOTT,  D.D.,  Canon  of 

Westminster,  Regius  Professor  of  Divinity,  and  Fellow  of  King's 

College,  Cambridge. 
A    GENERAL    SURVEY    OF    THE    HISTORY     OF     THE 

CANON    OF    THE    NEW   TESTAMENT   DURING   THE 

FIRST  FOUR  CENTURIES.     Sixth  Edition.    With  Preface  on 

"  Supernatural  Religion."     Crown  Svo.      los.  6d. 
INTRODUCTION     TO    THE     STUDY     OF    THE     FOUR 

GOSPELS.     Sixth  Edition.     Crown  Svo.     los.  6d. 
THE  BIBLE  IN   THE  CHURCH.     A  Popular  Account  of  the 

Collection  and  Reception  of  the  Holy  Scriptures  in  the  Christian 

Churches.     New  Edition.     iSmo,  cloth.     45-.  6d. 
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WeStCOtt. — THE  EPISTLES  OF  ST.  JOHN.  The  Greek  Text, 
with  Notes  and  Essays.  Second  Edition  Revised.  Svo.  12s.  6d. 

THE  EPISTLE  TO  THE  HEBREWS.  The  Greek  Text 
Revised,  with  Notes  and  Essays.  Svo,  [In  the  press. 

SOME  THOUGHTS  FROM  THE  ORDINAL.    Cr.  Svo.    is.  6d. 

Westcott  and  Hort. — THE    NEW    TESTAMENT    IN 

THE  ORIGINAL  GREEK.  The  Text  Revised  by  B.  F. 
WESTCOTT,  D.D.,  Regius  Professor  of  Divinity,  Canon  of 
Westminster,  and  F.  J.  A.  HORT,  D.D.,  Hulsean  Professor  of 
Divinity  ;  Fellow  of  Emmanuel  College,  Cambridge  :  late  Fellows 
of  Trinity  College,  Cambridge.  2  vols.  Crown  Svo.  los.  6d.  each. 

Vol.  I.  Text. 

Vol.  II.  Introduction  and  Appendix. 

THE  NEW  TESTAMENT  IN  THE  ORIGINAL  GREEK, 
FOR  SCHOOLS.  The  Text  Revised  by  BROOKE  Foss  WEST- 
COTT, D.D.,  and  FENTON  JOHN  ANTHONY  HORT,  D.D.  i2mo. 
cloth.  4J.  6d.  iSmo.  roan,  red  edges.  $s.  6d. 

Wilson.— THE  BIBLE  STUDENT'S  GUIDE  to  the  more 
Correct  Understanding  of  the  English  Translation  of  the  Old 
Testament,  by  reference  to  the  original  Hebrew.  By  WILLIAM 
WILSON,  D.D.,  Canon  of  Winchester,  late  Fellow  of  Queen's 
College,  Oxford.  Second  Edition,  carefully  revised.  4to. 
cloth.  25-f. 

Wright.— THE  BIBLE  WORD-BOOK  :  A  Glossary  of  Archaic 
Words  and  Phrases  in  the  Authorised  Version  of  the  Bible  and  the 
Book  of  Common  Prayer.  By  W.  ALDIS  WRIGHT,  M.A.,  Fellow 
and  Bursar  of  Trinity  College,  Cambridge.  Second  Edition,  Revised 
and  Enlarged.  Crown  Svo.  *js.  6d. 

Yonge  (Charlotte  M.).— SCRIPTURE  READINGS  FOR 

SCHOOLS  AND  FAMILIES.     By  CHARLOTTE    M.   YONGE. 

Author  of  "The  Heir  of  Redclyffe."     In  Five  Vols. 
FIRST  SERIES.     GENESIS  TO  DEUTERONOMY.     Extra  fcap.     Svo. 

is.  6J.     With  Comments,  3*.  6d. 
SECOND   SERIES.       From  JOSHUA    to    SOLOMON.       Extra    fcap. 

Svo.     u.  6d.     With  Comments,  3*.  6d. 
THIRD    SERIES.      The  KINGS  and   the  PROPHETS.      Extra  fcap. 

Svo.     is.  6d.     With  Comments,  3*.  6d. 
FOURTH  SERIES.     The  GOSPEL  TIMES,     is.  6d.     With  Comments. 

Extra  fcap.  Svo,  -$s,  6d. 
FIFTH  SERIES.      APOSTOLIC  TIMES.      Extra  fcap.  Svo.      is.  6d. 

With  Comments,  3^.  6d. 

Zechariah — Lowe. — THE  HEBREW  STUDENT'S  COM. 
MENTARY  ON  ZECHARIAH,  HEBREW  AND  LXX. 
With  Excursus  on  Syllable-dividing,  Metheg,  Initial  Dagesh,  and 
Siman  Rapheh.  By  W.  H.  LOWE,  M.Af,  Hebrew  Lecturer  at 
Christ's  College,  Cambridge.  Demy  Svo.  10^.  6d. 
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"These  excellent  biographies  should  be  made  class-books  for  schools.' 
— 


Westminster  Review. 


POPULAR  EDITION,  ONESHILLIN8  EACH. 

Now  Publishing    in  Monthly  Volumes    (Volume  I.,   January,    1887), 

price  One  Shilling  each  in  Paper  Cover,  or  in  Limp  Cloth 

Binding,   Eighteenpence. 


/Ifoen  of  Xetters 


Edited  by  JOHN   MORLEY. 

This  admirable  series."  —  The  Guardian. 
'  Enjoyable  and  excellent  little  books.  "  —  Academy. 


JOHNSON. 

By  LESLIE  STEPHEN. 
SCOTT. 

By  R.  H.  HUTTON. 

GIBBON. 

By  T.  C.  MORISON. 
SHELLEY. 

By  J.  A.  SYMONDS. 
HUME. 

By  T.  H.  HUXLEY,  F.R.S. 
GOLDSMITH. 

By  WILLIAM  BLACK. 
DEFOE. 

By  W.  MINTO. 
BURNS. 

By  Principal  SHAIRP. 
SPENSER. 

By  the  Very  Rev.  the  DEAN  OF 

ST.  PAUL'S. 
THACKERAY. 

By  ANTHONY  TROLLOPE. 
BURKE. 

Bv  JOHN  MORLEY. 
MILTON. 

By  MARK  PATTISON. 
HAWTHORNE. 

By  HENRY  JAMES. 
SOUTHEY. 

By  Professor  DOWDEN. 
BUNYAN. 

By  J.  A.  FROUDE. 
CHAUCER. 

By  Professor  A.  W.  WARD. 

COWPER. 

By  GOLDWIN  SMITH. 
POPE. 

By  LESLIE   STEPHEN. 
BYRON. 

By  Professor  NICHOL. 


DRYDEN. 

By  G.  SAINTSBURY. 
LOCKE. 

By  THOMAS  FOWLER. 
WORDSWORTH. 

By  F.  W.  H.  MYERS. 
LANDOR. 

By  SIDNEY    COLVIN. 
DE  QUINCEY. 

By  Professor  MASSON. 
CHARLES  LAMB. 

By  Rev.  A.  AINGER. 
BENTLEY. 

By  Professor  R.  C.  JEBB. 
DICKENS. 

By  Professor  A.  W.  WARD. 
GRAY. 

By  EDMUND  GOSSE. 
SWIFT. 

By  LESLIE  STEPHEN. 
STERNE. 

By  H.  D.  TRAILL. 
MACAULAY. 

ByJ.  C.  M ORISON- 
FIELDING. 

By  AUSTIN  DOBSON. 
SHERIDAN. 

By  Mrs.  OLIPHANT. 
ADDISON. 

By  W.  J.  COURTKOPE. 
BACON. 

By  the  Very  Rev.  the  DEAN  OF. 

ST.  PAUL'S. 
COLERIDGE. 

By  H.  D.  TRAILL. 
SIR  PHILIP  SIDNEY. 

By  J.  A.  SYMONDS. 
KEATS. 

By  SIDNEY  COLVIN. 


%*  Other  Volumes  to  follow. 
MACMILLAN  AND  CO.  LONDON. 
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MACMILLAN'S  GLOBE   LIBRARY. 

PRICE  3-r.  6d.  EACH. 

SHAKESPEARE'S       COMPLETE      WORKS. 

Edited  by  W.*G.  CLARK,  M.A.,  and  W.  ALDIS  WRIGHT,  M.A. 

MORTE  D' ARTHUR.  The  Book  of  King  Arthur 
and  of  His  Noble  Knights  of  the  Round  Table.  Original  Edition 
of  Caxton  revised  for  modern  use,  with  Notes,  &c.  By  Sir  E. 
STRACHEY. 

ROBINSON  CRUSOE.  Edited  after  the  Original 
Editions.  With  a  Biographical  Introduction  by  HENRY 
KINGSLEY,  F.R.G.S. 

SIR  WALTER  SCOTT'S  POETICAL  WORKS. 

Edited,     with    Biographical    and    Critical      Memoir,    by   F.    T. 
PALGRAVE. 

DRYDEN'S  POETICAL  WORKS.  Edited,  with 
a  Memoir,  Revised  Text,  and  Notes,  by  W.  D.  CHRISTIE,  M.A. 

COWPER'S  POETICAL  WORKS.  Edited,  with 
Biographical  Introduction  and  Notes,  by  Rev.  W.  BENHAM,  B.D. 

VIRGIL.  Rendered  into  English  Prose  by  J. 
LONSDALE,  M.A.,  and  S.  LEE,  M.A. 

HORACE.  Rendered  into  English  Prose  by  J. 
LONSDALE,  M.A.,  and  S.  LEE.  M.A. 

BURNS'S  COMPLETE  WORKS.  Edited  from 
the  best  Printed  and  MS.  Authorities.  By  ALEXANDER  SMITH. 

GOLDSMITH'S  MISCELLANEOUS  WORKS. 

With  Biographical  Introduction  by  Professor  MASSON. 

POPE'S  POETICAL  WORKS.  Edited,  with 
Notes  and  Memoir,  by  Professor  WARD,  of  Owens  College. 

SPENSER'S     COMPLETE     WORKS.       Edited 

from  the   Original  Editions  and  Manuscripts,  with   Glossary,    by 
R.  MORRIS. 

MILTON'S  POETICAL  WORKS.  Edited  with 
Introductions  and  Notes,  by  Professor  MASSON. 
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A    NEW    HISTORY  OF 

ENGLISH  LITERATURE 

IN   FOUR  VOLUMES. 

Crown  8vo. 


ELIZABETHAN  LITERATURE. 

BY    GEORGE  SAINTSBURY.      /«  the  Press. 


This  is  the  first  instalment  of  a  History  of  English  Literature  divided 
into  four  main  periods,  each  of  which  is  entrusted  to  a  writer  who  has 
made  that  period  his  special  study.  The  idea  of  the  work  was  due  in 
the  first  instance  to  the  late  Mr.  J.  R.  Green,  whose  view  was  that  the 
field  of  English  literature  was  too  vast  to  be  adequately  covered  by  any 
single  writer.  Each  writer  will  work  independently,  but  the  plan  will, 
as  far  as  possible,  be  uniform  throughout.  The  chief  writers  of  each 
period  will  be  illustrated  by  ample  specimens.  The  third  and  fourth 
volumes,  which  have  been  undertaken  respectively  by  Mr.  Edmund 
Gosse  and  Prof.  Dowden,  will  appear,  it  is  hoped,  at  no  long  interval 
after  the  present  volume.  The  first  volume,  on  the  Early  Literature, 
had  been  undertaken  by  Mr.  Stopford  Brooke  ;  but,  it  being  doubtful 
whether  his  other  engagements  will  admit  of  his  fulfilling  his  intention, 
arrangements  are  in  progress  for  placing  the  work  in  other  competent 
hands. 


In  preparation. 

THE  AGE  OF  QUEEN  ANNE.     By  EDMUND  GOSSE. 
THE  MODERN  PERIOD.     By  PROFESSOR  E.  DOWDEN. 
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A  NEW  GEOGRAPHICAL  SERIES. 


THE  neglect  of  Geography  as  an  important  branch  of  education  has 
long  been  recognised  in  this  country.  But  little  has  yet  been  done  to 
remedy  the  evil.  Where  the  subject  is  taught  at  all  it  is  usually  made 
a  task  for  the  memory  rather  than  an  exercise  of  the  observing  and 
reasoning  faculties.  Yet,  employed  as  it  might  be,  it  possesses  peculiar 
advantages  as  an  instrument  of  education.  Beginning  with  the  objects 
and  experiences  of  daily  life,  it  may  be  used  to  awaken  and  sustain  the 
interest,  and  even  the  enthusiasm  of  pupils.  From  the  familiar  topo- 
graphy of  their  schoolroom  and  playground,  the  youngest  scholars  may 
be  imperceptibly  led  onward  to  just  and  vivid  conceptions  of  the  various 
countries  and  climates  of  the  globe.  There  is  a  perennial  human  interest 
about  Geography  that  may  be  made  to  play  round  even  the  driest  path- 
ways of  scientific  disquisition.  Every  one  is  concerned  to  know  how 
the  dry  land  has  come  to  wear  its  present  forms,  why  its  climates  vary 
from  region  to  region,  what  has  determined  the  characteristic  grouping 
of  plants  and  animals  in  different  countries,  how  the  career  of  mankind 
has  been  moulded  by  the  physical  features  of  the  earth's  surface,  and 
how  far  human  interference  has  changed  the  aspects  of  nature.  Thesr 
problems,  and  many  others  akin  to  them,  are  peculiarly  fitted  to  present, 
in  the  most  intelligible  and  attractive  form,  the  nature  and  methods  of 
scientific  observation  and  deduction.  A  teacher,  well  qualified  for  his 
task,  may  employ  them  as  an  admirable  means  of  kindling  in  his  pupils 
a  love  of  nature,  and  of  developing  habits  of  observation  which  will  be 
of  inestimable  value  in  after  life. 

That  Geography  has  not  yet  attained  in  this  country  the  position 
which  its  real  value  as  a  means  of  education  entitles  it  to  hold,  may  be 
traced  to  various  causes.  To  overcome  the  obstacles  in  its  way,  and  to 
surmount  the  indifference  of  the  long  use  and  wont  which  has  kept  it  in 
its  present  position  of  degradation,  will  not  be  accomplished  in  a  day. 
Vigorous  efforts  are  now  being  made  to  remedy  the  present  unsatisfac- 
tory state  of  things.  It  appears  probable  that  one  of  the  most  effective 
methods  of  raising  the  standard  of  geographical  teaching  will  be  to 
place  in  the  hands  of  teachers  a  series  of  class-books  written  from  an 
entirely  different  point  of  view  from  those  now  in  use,  by  authors  of 
established  reputation  in  their  own  domain  of  investigation.  Formerly 
science  text-books  were  left  in  the  hands  of  mere  book-makers  or  com- 
pilers ;  but  it  has  for  some  years  past  been  recognised  that  a  satisfactory 
text-book  of  any  science  can  only  be  obtained  from  an  acknowledged 
original  master  of  the  subject.  And  there  seems  no  reason  why  class- 
books  of  Geography  should  not  now  be  prepared  in  the  same  way. 

But  one  of  the  chief  difficulties  to  be  encountered  in  such  an  under- 
taking is  that,  through  no  fault  of  their  own,  teachers  have  compara- 
tively seldom  been  taught  to  know  what  geography  really  is,  and  they 
need  therefore  to  be  themselves  trained  in  the  art  of  teaching  it.  The 
first  principles  of  geography,  however,  cannot  be  effectively  taught  from 
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books.  They  must  be  enforced  practically  from  familiar  local  •illustra- 
tions. The  first  endeavour  of  the  teacher  should  be  to  lay  a  solid 
geographical  basis,  founded  upon  the  pupil's  own  personal  experience, 
and  not  until  some  progress  in  this  respect  has  been  made  can  he  expect 
to  make  advantageous  use  of  a  class-book.  The  first  book,  therefore, 
in  a  series  of  works  intended  for  effective  geographical  teaching,  should 
be  one  for  the  teacher,  full  of  suggestions  and  illustrations  to  aid  him  in 
his  work  of  oral  instruction. 

For  the  pupils,  the  earliest  geographical  lesson-book  put  into  their 
hands  should  be  one  that  will  take  up  their  training  at  the  point  to 
which  the  oral  lessons  and  demonstration  of  the  teacher  have  brought 
them.  It  should  deal  with  their  own  country,  carrying  out  the  same 
kind  of  instruction  to  which  they  have  already  become  accustomed. 
Afterwards,  class-books  treating  of  other  countries  and  continents,  of 
the  world  as  a  whole  and  of  its  planetary  relations,  will  be  reached. 

Throughout  such  a  series  of  geographical  class-books  the  fundamental 
idea  should  be  to  present  the  essential  facts  in  such  a  way  as  will  show 
their  relationship  to  each  other,  and  will  convey  to  the  mind  of  the 
pupil  a  clear  picture  of  the  country  or  subject  described.  Tor  instance, 
the  physical  features  will  be  connected  with  the  climatology  of  a  country, 
and  both  will  be  shown  to  affect  the  distribution  of  life,  while  the  bear- 
ing of  all  these  influences  upon  human  history  and  commercial  progress 
will  be  constantly  kept  in  view.  The  boundaries  of  parishes  and 
countries,  the  positions  of  towns  and  the  diffusion  of  population,  will 
be  linked  with  their  geographical  explanation.  A  knowledge  of  the 
topography  of  a  country,  and  of  the  local  names  by  which  it  is  expressed, 
will  be  shown  to  be  the  necessary  accompaniment  of  an  adequate 
knowledge  of  the  history  of  the  inhabitants.  In  short,  it  should  be  a 
constant  aim  to  represent  geography  not  as  a  series  of  numerical  tables 
or  a  string  of  disconnected  facts,  but  as  a  luminous  description  of  the 
earth  and  its  inhabitants,  and  of  the  causes  that  regulate  the  contrasts  of 
the  scenery,  climate,  and  life. 

Messrs.  MACMILLAN  &  Co.  propose  to  issue  a  series  of  geographical 
class-books  prepared  with  this  aim.  They  have  placed  the  editorship 
of  the  series  in  the  hands  of  Mr.  ARCHIBALD  GEIKIE,  F.R.S.,  Director- 
General  of  the  Geological  Survey  of  the  United  Kingdom,  and  the 
following  gentlemen  have  already  expressed  their  interest  in  the  under- 
taking, and  their  willingness  to  assist  either  as  writers  or  advisers. 

H.  \V.  BATES,  F.R.S.,  Assistant- Secretary  of  the  Royal  Geographical 

Society  ;  Author  of  "  The  Naturalist  on  the  River  Amazons." 
A.  BUCHAN,  M.A.,  F.R.S.E.,  Meteorological  Secretary  of  the  Scottish 

Meteorological  Society. 
JOHN    SCOTT    KELTIE,    Librarian    and  Inspector    of   Geographica.- 

Education  to  the  Royal  Geographical  Society ;    Editor  of  "  Thv. 

Statesman's  Year  Book." 
J.    NORMAN   LOCKYER,  F.R.S.,   Correspondent  of   the  Institute  of 

France;    Author  of  " Solar    Physics,"   "Elementary  Lessons  in 

Astronomy."  &c. 
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CLEMENTS  R.  MARKHAM,  C.B.,  F.R.S.,  Secretary  of  the  Roya] 
Geographical  Society. 

JOHN  MURRAY,  Ph.D.,  F.R.S.E.,  Director  of  the  Challenger  Expe- 
dition Commission. 

Rev.  H.  F.  TOZER,  M.A.,  Fellow  of  Exeter  College,  Oxford;  Author 
of  "The  Geography  of  Greece,"  "Highlands  of  Turkey,"  &c. 

E.  B.  TYLOR,  D.C.L.,  F.R.S.,  Keeper  of  the  University  Museum, 
Oxford  ;  Author  of  "  Primitive  Culture,"  &c. 

A.  R.  WALLACE,  LL.D.,  F.R.G.S.,  Author  of  "The  Malay 
Archipelago,"  "The  Geographical  Distribution  of  Animals," 
&c.,  &c. 

Rev.  EDMOND  WARRE,  D.D.,  Head  Master  of  Eton. 

Rev.  J.  E.  C.  WELLDON,  M.A.,  Head  Master  of  Harrow. 

The  following  List  of  Volumes  is  contemplated ;  and  it  is  hoped  that 
one  or  more  will  be  ready  very  soon  : — 

1.  THE  TEACHING  OF  GEOGRAPHY.     A  Practical  Handbook  for 

the  use  of  Teachers.  By  ARCHIBALD  GEIKIE,  F.R.S., 
Director- General  of  the  Geological  Survey  of  the  United 
Kingdom,  and  Director  of  the  Museum  of  Practical  Geology, 
Jermyn  Street,  London ;  formerly  Murchison  Professor  of 
Geology  and  Mineralogy  in  the  University  of  Edinburgh. 
Crown  8vo.  [In  the  press. 

%*  The  aim  of  this  volume  is  to  advocate  the  claims  of  geography 
as  an  educational  discipline  of  a  high  order,  and  to  show  how 
these  claims  may  be  practically  recognised  by  teachers. 

2.  A  GEOGRAPHY  OF  THE  BRITISH  ISLES. 

3.  AN  ELEMENTARY  GENERAL  GEOGRAPHY. 

4.  A  GEOGRAPHY  OF  THE  BRITISH  COLONIES. 

5.  A  GEOGRAPHY  OF  EUROPE. 

6.  A  GEOGRAPHY  OF  AMERICA. 

7.  A  GEOGRAPHY  OF  ASIA. 

8.  A  GEOGRAPHY  OF  AFRICA. 

9.  A  GEOGRAPHY  OF  THE  OCEANS  AND  OCEANIC  ISLANDS. 

10.  ADVANCED  CLASS-BOOK  OF  THE  GEOGRAPHY  OF  BRITAIN. 

11.  GEOGRAPHY  OF  AUSTRALIA  AND  NEW  ZEALAND. 

12.  GEOGRAPHY  OF  BRITISH  NORTH  AMERICA. 

13.  GEOGRAPHY  OF  INDIA. 

14.  GEOGRAPHY  OF  THE  UNITED  STATES. 

15.  ADVANCED  CLASS-BOOK  OF  THE  GEOGRAPHY  OF  EUROPE. 


Richard  Clay  <2r»  Sons,   London  and  Bungr.y. 
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